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- Left: Charge table and 
charge end, S. C. Con- 
tinuous Walking Beam 
l'ype Hardening Furn- 
ace. Drawing Furnace 
is visible in left back- 


ground. 


Below: Inclined chute 
down which cylinders 


pass from Hardening 





Furnace to quench bath 
is shown at left, con- 
trol panel in center, and 
charge end of Drawing 


Furnace at extreme right. 





The two furnaces are entirely automatically operated. 


Inside diameter thoroughly quenched, automatically. 


There is no difference between the hardness of the inside 
surface and the outside surface of the cylinders, which 


are open on one end only. 
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IMPROVED the specified physical requirements! 
SURPASSED all results previously obtained! 


The SC Gas-Fired Hardening and Drawing Units illustrated above 
were installed by a well known eastern manufacturer. This instal- 
vroducing results 
to the extegt of 
up 


production line 





lation is now a part of th 








that surpass any 





vement over 






showing considera 
as the « 


The manufacturer, in describing the operation of these two furnaces, 
stated that ‘‘They are writing a new chapter in our production records’. 


Write for further information. 


Surface Combustion Corporation 


TOLEDO, OHIO Sales and Engineering Service in Principal Cities 
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CARBURIZING 


HE ART of carburizing is very old, at least 
1000 vears. We have the evidence of old 

Japanese swords, carburized so the cutting 
edge is hard. The science of carburizing is rela- 
tively new, since it was only in 1786 that carbon 
was identified as the element being absorbed by 
the metal in the process. 

The technical purpose of carburizing is per- 
haps best explained by quoting the National 
Metals Handbook, which states: “The purpose of 
carburizing is to obtain, through the penetration 
of carbon in the article subjected to the process, 
an outside portion high in carbon, generally 
known as the ‘case’ and which gradually de- 
creases in carbon content toward the center of the 
piece. After suitable heat treatment, this case is 
hard and resistant to wear.” 

he practical purpose of carburizing is either 
to effect lower manufacturing costs while sub- 
stituting low carbon steels for medium and high 
carbon steels wherever possible, or to provide a 
steel with a composite of a hard surface to resist 
wear and a tough, ductile center to withstand 
shock. 

Carburizing Compounds Since the aim of 
the process is to enrich the surface layers of steel 
with carbon, the material used to do this, that is, 
the carburizing compound (whether solid or gas) 
must have a ready supply of carbon. Hundreds 
of formulas have been patented, and every old 
lime workman has his own favorite. Most of 
them are complex and contain unstable organic 
materials, such as leather and bone chips, and 
their behavior during repeated or prolonged 
heating is quite variable, and hence they are un- 


able to produce that uniformity in finished part 
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9RACTICE 


By John F. Wyzalek 
Chief Nletallurgist 

Hyatt Bearings Division 
General \lotors Corp. 
Harrison, N. J. 


which is absolutely essential for modern ma- 
chinery. 

Numerous satisfactory compounds are now 
under proprietary 


available, commercially, 


names. Probably the widest used may be clas 


sified as a “charcoal-coke” type, a mixture of 
hardwood charcoal and petroleum coke, “ener 
gized” with barium carbonate, calcium carbon 
ate, and sodium carbonate. This may be readily 
distinguished by its angular fragments, porous 
and fairly uniform in average size. Another used 
extensively may be called the “pellet” type, 
wherein the carbonaceous ingredients and chem 
icals are ground, intimately mixed with a binder, 
Still another 


black,” 


and is for sale either with or without chemical 


and formed into pea-sized pellets. 


may be called “hydrocarbonated bone 


energizers; it has a particle size approaching 
sugar or sand. Finally should be mentioned the 
home-made compound noted in National Metals 


Handbook: 60°, 
troleum coke, 10! 


hardwood charcoal, 25‘ pe 


barium carbonate, 5‘, calcium 
carbonate, which can be highly recommended, it 
being used extensively in plants making auto 
motive parts. 

If a part is packed in angular fragments of 
charcoal, it is obvious that actual contact between 
metal and solid carburizer occurs only here and 
there, vet the part is uniformly carburized. The 
accepted explanation for this fact is that a cat 
bonaceous gas is the carrier of carbon from solid 


compound to thr exposed surface of the metal 
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It is also commonly believed that the alkaline 
carbonates (or “energizers”) supply the needed 
carbon monoxide gas when heated, and regener- 
ate themselves on later exposure to the air by 
absorbing carbon dioxide from it. My experience 
with this type of carburizer indicates that the 
material energized with barium carbonate is the 
most desirable, due to the fact that the character 
of case produced is found to be more uniform, 
both from the standpoint of carbon content and 
depth of penetration. 

Experience has also convinced me of the 
necessity of using carburizers in certain definite 
proportions of new and old material; this effects 
economy, greater uniformity, and less shrinkage. 
The general practice for charcoal-coke carbu- 
rizers is to use between three and four parts of 
old to one part of new material. In other forms 
of carburizer, such as pellet or bone black types, 
the additions of new are appreciably less, gen- 
erally being made only to compensate for the 
losses incurred in handling and use. 

Life of Compound The comparatively 
large amount of new charcoal-coke carburizer 
added at every re-use needs some consideration 
in view of the idea that the energizers should re- 
generate on rest and exposure. Our own experi- 
ence and laboratory research on compounds 
energized with barium carbonate indicates that 
barium carbonate when subjected to carburizing 
temperatures transforms to barium sulphate and 
it remains in that form on repeated runs. Addi- 
tions of new material are made primarily to com- 





pensate for losses in handling and also for screen- 
ing losses, the latter operation being performed 
for the purpose of eliminating ash. Normally, in 
a manufacturing unit such as ours, there is very 
little carburizer discarded of what may be called 
usable quality, the major portion of the reject 
being screenings which could be, of course, a 
mixture of ash, energizer, and very fine particles 
of coke and charcoal, and the new material 
added merely compensates for these losses. 

The method of impregnating the carburizer 
with energizer is important, and proprietary 
methods of doing this probably comprise the 
major difference between compounds of the char- 
coal-coke type now on the market. Special claims 
by salesmen as to unusual efliciency of this, that, 
or the other chemical should be investigated be- 
fore believing. For instance, results so far 
obtained in a little work we have done on ferro- 
silicon, do not bear out claims made in respect 
to the speeding-up action of ferrosilicon at high 
temperature without causing an excessively high 
carbon case. On the other hand, we find that 
compounds energized with sodium carbonate 
give higher carbon cases and barium carbonate 
and calcium carbonate lower carbon contents, in 
the order mentioned. 

Desirable features in a carburizer are (a) 
rapid penetration with desired carbon content in 
the case, (b) lasting qualities, so as to insure uni- 
form carburizing performance, (c) low specific 
gravity, that is, minimum weight per cubic foot, 
so as to give maximum volume per ton pur- 





A Small Pile of Carburizer of the Charcoal-Coke Type (Courtesy Case Hardening Service Co.) 
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chased, (d) minimum shrinkage of carburizer 
when subjected to carburizing temperature, 
thereby enabling the containers to be filled to 
maximum capacity, (e) good thermal conduc- 
tivity, to aid rapid uniform heating of the charge, 
(f) freedom from impurities which would con- 
taminate the steel either through absorption or 
deposition. Comparative ratings of the three 
principal types of commercial compounds are 
approximately as shown in the table. 


point it is unquestionably advisable to encourage 
“ventilation” or circulation of carburizing gases 
inside the container by using medium size par- 
ticle carburizer. We find that a fine size com- 
pound does slow down carburization to some 
degree this is one reason for screening out 
all of the fines. 

Containers should be viewed as something 


more than just a box to hold carburizer and parts. 





With the above thoughts in mind, 
compound would be bought by the care- 
ful purchaser on the following bases: 
Chemical composition, indicating desired 


Hardwood 





percentages of energizers, coke, or char- 
coal, if present; limitations should be 
placed on undesirables such as moisture, 
From a 


Carbon concentration 
lasting guélities 
Specific orevity 
Shrinkage 


sulphur, and inorganic matter. 
physical standpoint, carburizer should 


0.90 to 1.25% 


0.90 to 1.25% 


Hi Iro- 
la / ¥U 
Charcoa/ + ; j 
Characteristic | Dosnoloym Pellet carbonated 
etroleum ~ t. 
. Cok - bo © D @Ck 
COKE 
Rate of penetretion High High lou 


0.70 to 1.00% 


Good Good very good 
Low Mesn tigh 
fF Good very good 


be held to a definite particle size, a 
definite maximum weight per unit of 





Therme/ conductivity | Very good 
Freedom fram unde- 


sirable impurities Good 61 
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volume, and be limited to the amount of 
shrinkage experienced under a heating 
cycle and routine agreed upon by both parties. 


Packing and Containers 


lo insure satisfactory carburization it is 
extremely important to pack the product in a 
proper manner, taking into account the necessary 
spacing of parts to effect uniform heating. Allow 
for shrinkage of carburizer by not packing the 
parts too closely to the top of the container. This 
shrinkage would be greater in carburizers of the 
charcoal-coke type and less in the pellet and bone 
black types. However, it is always advisable to 
allow for some shrinkage in order to prevent ex- 
posure of the top layer of parts. 

Amount of compound between pieces, and 
between pieces and container, will naturally vary 
with the operating conditions and metallurgical 
requirements as applying to the finished part. 
lor depths of case of ;; to \% in., a minimum dis- 
tance of %4 to 1 in. is generally necessary between 
pieces (and between pieces and container) to in- 
sure satisfactory carburization at minimum cost. 
Our experience has indicated that the method of 
promiscuous loading of small parts into a con- 
tainer and actually allowing them to touch each 
other is unsatisfactory. A layer of carburizer 
should be spread evenly across the box, then 
some small parts scattered thinly over the top, 
then another layer of carburizer, and so on. 

Particle size of compound also plays a part 
in the efficiency of a carburizer. Up to a certain 
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Heat resisting alloy containers of one sort or an- 
other are almost universally used. Long life does 
Due to their non-scaling 


This 


not tell the whole story. 
characteristics they insure uniform heating. 
would not be true with containers made of iron 
or steel which, after a few runs, would scale con- 
siderably (and non-uniformly) and thereby con- 
duct heat at a different rate in the thin and in 
the thick regions, which in turn would seriously 
affect the temperature uniformity in the contents 
and thus vary the depth and character of carbu- 
rized case. Another important requirement in 
connection with carburizing containers is that 
they be of proper design to be conducive to uni 
form heating of the charge and also to insure 
satisfactory service through minimizing warpage 
and cracking. 

The common cause of failure of alloy con- 
tainers is warpage and cracking, which I believe 
is brought about by the repeated expansion and 
contraction. We have found it possible to flatten 
containers, slightly warped, by heating to ap- 
proximate carburizing temperature, then apply- 
ing mechanical force to straighten. We have not 
found welding practical on cast boxes, although 
on sheet metal boxes this has been done satis- 
factorily. 

Obviously, furnace gases must not penetrate 
into the box; if they do the carburizer will burn 
and cause local overheating which will ruin the 
work. This does not mean that box covers shall 
be air and pressure tight at all temperatures, al- 
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though they should be “reasonably” so. In other 

words, a badly warped cover should be scrapped; 

a fairly close fit is satisfactory and the joint does 

not need to be luted with some compound (which 

would probably crack during the heating cycle, 

anyway). Expanding gas must also escape. 
Types of Furnaces 


Various types of satisfactory furnaces can be 
classified in two general tvpes, namely, batch type 
and continuous type, with several recognizable 
varieties in each. The oldest batch type is merely 
an oven; car-bottom furnaces are of this type as 
are also the furnaces which have a rotating muf- 
fle of heat resisting alloy. Continuous furnaces 
are generally long tunnels through which the 
work “counter- 
flow,” that is, have two lines of work, side by side, 


is pushed, and frequently are 


progressing in opposite directions. Rotary hearth 
or turret-type furnaces are also of the continuous 
tvpe, and rotating muffles can obviously be con- 
verted to this tvpe by automatic feeding and dis- 
charge devices. 

For production on a large scale of medium 
or large sized parts, the continuous type of fur- 
nace would unquestionably prove of greatest ad- 
vantage, due to its low operating cost per part 
carburized. 
ume, the rotary batch type furnace would very 
likely be the most desirable. The batch type fur- 


For small parts, regardless of vol- 


naces, and in particular the oven 
tvpe, would be the most suitable 
furnaces for carburization of rea- 
sonably small quantities of medi- 
um and large size parts. Experi- 
ence indicates that the continuous 
type gives the greatest uniformity 
in case, perhaps mainly due to 
the fact that 
subjected to identically the same 


every container is 


treatment. 

Batch type furnaces are gen- 
erally loaded with boxes one at a 
time by means of hand trucks or 
forks attached to overhead hoists 
or cranes. In order to induce the 
proper circulation of heat, it is, of 
course, necessary to resort either 
to extensions, such as legs at the 
bottom of the pot, or to rails on 
the hearth of the furnace, where- 
by the main portion of the pot it- 
inches above the 


self is several 


hearth level. 
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Member American Society for Metals, 
ictive in New 
Chapters for Many Years. This article 
is from atalk recently given to his own ol 
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Oil or gas is used very extensively with satis- 
factory results, this being particularly true in the 
large furnace installations, although some _ not- 
able installations are electrically heated. How- 
ever, for small furnaces such as rotary and oven 
tvpes, gas has been found to be more suitable 
than oil due to its ability to heat the charge more 
uniformly. Coal is not used very extensively 
today, mainly because of inability easily to main- 
tain uniform temperatures in the carburizing 
chambers. 

In order to obtain satisfactory carburization, 
from the standpoint of character and depth of 
case, our experience indicates an over-all varia- 
tion of 25° F. in the zone wherein the carburizing 
containers are charged is permissible. Devia- 
tions beyond this limit cause, I find, sufficient 
non-uniformity in either character or depth of 
case to be objectionable. Further, from the stand- 
point of uniformity of control, after establishing 
a definite temperature, deviations of 10° plus and 


minus would be recognized as good practice. 


Heating and Cooling 


The temperature to be used for carburization 
depends largely upon the requirements of the 


finished part. Broadly speaking, however, for 
depths of case ranging from , to ‘x, in., tempera- 
tures between 1650 and 1750” F, 
On the other hand, for depths below ,y in. 


between 


are generally 


used. 


temperatures 
1375 and 1450 
Experience has 


F. are more 
suitable. 
indicated that the higher 
the temperature, the more 
rapid the penetration and 
the higher the carbon con- 
centration at the surface 
of the carburized case. The 
hold 


temperatures. 


reverse would with 
lower 
Therefore, in practice, to 
effect satisfactory product 
at minimum cost, it is 
necessary to develop the 
maximum temperatures at 
which the desired carbu- 
rized case is obtained, with 
the objectionable condi- 
tions held within accept- 
able limits. 
The top 
carburizing is 


York and New Jersey temperature 
limited 
(Photo by Bac hrach) by eXCeSsSsI\ Cc grain STOW th 
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Four Electrically Heated, Batch Type Carburizing Furnaces (George J. Hagan) in Brown 
and Sharpe’s Plant, Small carburizing box may be noted on the run-out at second furnace 


in the steel and by the lasting qualities of the 
carburizer. Also the higher the carburizing tem- 
perature, the higher the carbon concentration at 
the surface. For a particular part, satisfactory 
results depend not only upon the hardness at the 
exterior, but also upon the physical character- 
istics of the entire case, both from the standpoint 
of ductility or brittleness and gradation of carbon 
and hardness from the surface to the core. 

Very frequently, especially when carburizing 
at temperatures around 1700° F., the last part of 
the run is at an appreciably lower temperature 
Such dif- 


fusion of the carbon gives better wear resistance 


so as to diffuse the carbon in the case. 


of the parts and minimizes checking in grinding 
of the hardened parts. 

Sometimes small, spindly or flat parts (such 
as sewing machine details) are carburized with 
relatively shallow cases, approximately ,;), to in. 
It is then impossible to use any other but tem- 
peratures in the neighborhood of 1400° F., since 
higher temperatures would distort the parts and 
at the same time make it impossible to produce 
a case within close limits so as to insure a hard 
surface with a ductile core. 

Not so very long ago it was standard practice 
to cool the parts in the pot, screen out the com- 
pound for re-use, and then give the parts a dou- 
ble heat treat, one to refine the core and the other 
to harden the case. Since it has become possible 
to purchase regularly alloy steels of the fine grain 
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tvpe (that is, of grain size 6 or finer, in accord 
ance with the American Society for Testing Mat 
rials standard which are actually steels which 
do not coarsen at normal carburizing tempera 
tures), it has been found possible to quench di 
rect from the pot. This direct quenching can be 
applied either as an operation replacing the so 
called “first heat” normally given for refining the 
core, or can eliminate entirely all subsequent 
hardening operations. 

Correct temperature for such direct quench 
ing from the pot is determined by trial and by 
actually determining the temperature of the parts 
through the use of optical and contact pyrom 
eters. When the correct furnace practice has been 
established, or the correct time interval afte: 
withdrawing the pot from a hot oven has been 
found, the metallurgist can establish a practice 
which insures repetition of the desirable condi 
tion in production. 

Direct quenching with certain steels, particu 
larly nickel-molybdenum S.A.E. 4615 and nickel 
chromium S.A.E. 3115, is frequently more desi 
able than the reheat method, due to the fact that 
equally as good and sometimes superior physi al 
properties are obtained in the finished part at a 
much lower cost. Of course, to accomplish satis 
factory results, grain size controlled steel must be 
purchased, and the parts must be of such shaps 
and size as to quench direct without damage 


(Continued on page 64) 
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NODULAR TROOS 


tts structure 


N MARCH, 1934, Prof. Charles Y. Clayton 

published a note in Metra Progress in which 

he voiced the need for a publication of 
photomicrographs, prepared at high, medium, 
and low power, showing the normal structures in 
carbon steel, especially troostite and _ sorbite. 
Shortly thereafter the editor wrote to me, sug- 
gesting that I might have some negatives avail- 
able which would conform to these requirements, 
especially since I had already discussed the 
nature of troostite in some former publications. 
The latest of these was “Structure and Nature of 
Troostite”, presented before the World Engineer- 
ing Congress in Tokio in October, 1929, and re- 
printed in Bell System Technical Journal in 
January, 1930. 

These articles had been written before we 
had received the precision high power metal- 
lographic apparatus described at the annual 
convention of the Society a year ago in Detroit. 
It seemed proper, therefore, to study some typical 
troostite with this new equipment, and see 
whether it would verify or disprove some of our 
old assumptions about conditions existing beyond 
the range of resolution of the equipment avail- 
able a few years back. 

We also used our new abrasive for final 
preparation of the specimen. This method of 
refining abrasives will soon be published. 

Possibly the student might expect that I 
would send three micrographs, one at 200 X, one 
at 1000 <, and one at 4000 x, which would prove 
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By Francis F. Lucas 
Member of Technical Staff 
Bell Telephone Laboratories 
New York 


to be “classic” structures of troostite, and he will 
be somewhat chagrined to observe an assort- 
ment such as I have included. The one on page 
25 at 200 x is the only one which will fill any 
such bill, and unfortunately it does not tell very 
much about the nature of troostite. As resolu- 
tion is raised to the highest powers, the dimen- 
sions of the field decrease and the complexity of 
the structure is developed. 

Photographs on pages 26 and 27 show the 
variations in structure which occur in a trans- 
verse specimen of a %-in. round hot rolled rod 
of slightly hypo-eutectoid composition. It is 
typical of a hot rolled rod such as may be secured 
almost anywhere from a reputable steel maker. 
The rod was photographed as received from the 
warehouse, and received no heat treatment what- 
ever in the laboratory. I have chosen such mate- 
rial because of its practical utilitarian nature, 
rather than some specimen which I might heat 
treat under laboratory conditions and which 
many would probably regard as of academic 
interest. 

The structures shown may be defined as 
troostite. In the first picture, taken at 200 diam- 
eters, as much gradation in tone as possible has 
been developed. Unless the specimen is carefully 
prepared the structure would appear almost 
black and devoid of detail under the conditions 
of this photograph. 

While this particular specimen after con- 
ventional etching would be dark and almost com- 
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structureless at moderate magnifications, 
almost anyone with a little care and experience 
will find samples of quenched steel wherein 
some well-developed pearlite can be discovered 
amongst the unresolved troostite. The hasty con- 
clusion might be to assume that troostite is pearl- 
This cannot be affirmed or denied without 


pletely 


ite. 
much closer scrutiny. 

The six views on page 26 at 1000 
the variations in structure which occur through- 
out the same field as shown at low power on this 
page. 
high aperture lens and show remarkable resolu- 
tion. The student will note, however, that only 
the relatively coarse structure or well-laminated 
pearlite has been fully resolved. Some grains are 
white and practically structureless; others appear 
very faintly granulated or striated and others are 
granulated and quite dark. Here and there a 
little excess constituent (ferrite) appears. 

In some discussions on the nature of mar- 
tensite printed in Transactions of American So- 
ciety for Steel Treating in 1924 and 1929 I ex- 
pressed the viewpoint that the first indications of 
precipitation of excess constituent from a solid 
solution were to be observed under the micro- 
scope by a slight cloudiness or change in color of 
the uniform solid solution, and further stages in 
the separation of the phases are observed by an 
increasing cloudiness or granulation, even if un- 
resolvable. With this in view, the ultimate struc- 
ture of troostite (or perhaps it would be better to 
say, the first stages in the formation of troostite) 
may be sought for in the white structureless or 
cloudy grains shown in this group X-211. 

The next series of six photomicrographs on 
page 27 at 4000 « were therefore of representa- 
tive areas of the field which at 1000 x are clear 
or exhibit only an increasing cloudiness. They 
were taken with the monobrom-naphthalene 
optical system of 1.60 numerical aperture and the 
very highest resolving power. Even the white 
structureless areas in the photographs at 1000 
show incipient stratification. In other areas, 
which, viewed at 1000 x, appear a little more 
granulated or striated, the structure shown at 
4000 > is actually a little further advanced in the 
process of forming laminated pearlite. The fig- 
ures in this second group (X-212) are arranged 
from A to F to show progressively these changes 


show 


These micrographs were taken with a very 


in stratification. 

It therefore becomes apparent that pearlite 
forms out of the troostite, and with the highest 
order of resolution the very incipient stages of 
Stratification can be picked up. In this state 
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stratification of carbide is just starting, and 
sharp, distinct outlines of the plates are not to be 
expected. Only when the process has advanced 
to the state of well-defined plates can one get 
sharp outlines; otherwise only a gradation in 
contrast is observed. 

It is truly remarkable that this new lens sys- 
tem will break up a structureless white field to 
reveal the very early process of separation of 
ferrite and carbide. The improvement over older 
equipment cannot be measured in per cent, or 
added lines of resolution. It is a matter of being 
able to see things by one method and not to see 
them by another! 

* 8 © @ * 

Some notes may be taken from former pub- 
lications on the origin and nature of troostite, to 
present views which have been given further sub- 
stantiation by these recent microscopic studies 

If a small specimen of medium or high car- 
bon steel is quenched in water or oil, it possesses 
a microstructure of martensite needles and scat- 
tered particles of troostite. The relative propor- 
tions of the two depend upon the rate of cooling 
during quenching. This type of troostite formed 
on cooling is known as nodular troostite. 

These nodules develop from 


nuclei throughout the austenite and martensite 


innumerable 


matrix, in most cases identifiable as an inclusion, 
a void, or a sharp corner in a grain boundary. 
In samples where the proportion of troostite be- 
comes higher and higher, finally the whole mass 
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seems to be composed of nodules, some spherical 
in shape but many deformed due to mutual inter- 
ference and to irregularities in growth. A selec- 
tivity or preference in crystal habit probably pre- 
vails for crystallographic planes since spines, 
branches, and interconnected crystallites may be 
found occasionally. In reality these are poorly 
formed nodules, growth in some one or more di- 
rections having been arrested. 

When one of the globular-shaped crystal 
masses which has developed under favorable 
conditions of growth is sectioned in such a way 
as to divide the mass along a plane passing 
through the center, the nucleus is found at the 
center and fan-shaped grains extend from the 
center toward the outside. 

Each of the fan-shaped grains is a separate 
crystalline unit, for if a nodule of troostite is re- 
volved about the optical axis of the microscope, 
these very small fan-shaped grains display orien- 
that is, change through a 
(This is exactly 


tation phenomena 
cycle of color and brightness. 
the same thing as observed in polyhedral grains 
in a pure metal when revolved about the optical 
axis of a microscope while being kept under ob- 
servation at 100 or 200 diameters magnification.) 
Of course in nodular troostite the grains are fan- 
shaped and quite small, making it desirable to 
carry out the observations with an oil immer- 
sion lens which will yield high magnifications. 

While the best optical equipment and tech- 
nique available ten years ago 
showed some of these radial 
grains to be structureless, and of 
the appearance of a solid solu- 
tion, the above appearances indi- 
cated stratification of some form. 
It was also quite evident that if 
the entire mass of a carbon steel 
passes through the nodular troos- 
titic stage, this constituent must 
contain carbide or carbon in some 
form. 

Nodular troostite (or troos- 
tite that 
rather than on tempering) is not 
like martensite in forming along 
crystallographic 


forms on quenching, 


the octahedral 
planes of the austenite. It has a 
new crystalline orientation of its 
own. Evidently the slower rate 
of cooling is favorable for the ; 
. : ; Needs little 
freshly transformed alpha iron to 
re-orient itself about some con- on subjects 


venient nucleus. fo 
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Francis F. Lucas 


introduction to 
bers, as he has addressed many Chapters 
relating to 
which he has contributed brilliantly 





To quote further from my 1929 paper, “Struc- 
ture and Nature of Troostite”: 

“The question naturally arises as to whether 
the steel in its transition from austenite to pearl- 
ite first develops a needle structure (martensitic) 
and then this, in turn, is replaced by a nodular 
(troostitic) one. 

“Some light was thrown on this angle of the 
problem by a high power examination of an iron- 
carbon alloy. The carbon content was 2.65% and 
by quenching small pieces from very high tem- 
peratures, polyhedral grains of austenite con- 
taining martensitic needles and troostitic nodules 
were found to occur. Both constituents were 
tuund to occur in the same grain and both seemed 
to be entirely surrounded by austenite. Had the 
needles formed first and the nodules developed 
from the needles, one might expect to find some 
nodules with untransformed needles sticking out 
around the boundaries of the nodules. This was 
found not to be the case. The boundaries of the 
froostitic nodules are always sharply defined. 

“If a specimen of commercial tool steel is 
heat treated (quenched at the proper rate) to 
produce some troostite in a martensitic matrix, 
and this specimen is then tempered, one might 
expect the troostite nodules to grow in size if the 
nodular form of structure replaces the needle 
structure. As a matter of fact, the nodules re- 
main the same size and the carbide which they 
contain tends to coalesce into small globular par- 
ticles, marking not only 
the border outline of the 
nodule but also the out- 
lines of the fan-shaped 
grains. 

“The 
nodular 
structures which result 


needle and 
patterns are 


from quenching and not 
from tempering. The 
excess constituent in the 
case of hypo- or hyper- 
eutectoid steels appears 
to be _ eliminated or 
cleared by means of the 
constituent troostite. 
The constituent marten- 
site (needles) appears 
not to be involved in 
this phenomenon in 
quenched specimens 
when both troostite and 


martensite are found to 


ASMem- 


microscopy, 
be present.” 
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TENSION 


of metals — new 


standard methods 


INCE the tension test is the mechanical 
test most frequently made (except the 





hardness test) it is well to draw attention 
to some changes in approved methods of making 
it. The methods of tension testing of metallic 
materials adopted as standard by the American 
Society for Testing Materials last year and desig- 
nated as E 8 


real advance over similar standard methods pre- 


33, are believed to represent a 


viously in vogue and subsequently revised by that 
society. These new standard methods are very 
closely related to the work of other committees 
concerned with definitions of terms relating to 
methods of testing (contained in tentative speci- 
fication E 6 — 32 T), methods for verification of 
33 T), and methods of 


compression testing of metallic materials (E 9 


testing machines (E 4 


33 T). All experimenters and testers would do 
well to study these documents. 

In the development of more satisfactory 
methods of testing, satisfactory definitions of the 
terms involved are quite essential. The loose use 
of terms such as elastic limit, vield point, and 
proportional limit of elasticity, now rather preva- 
lent, is a good example of a common source of 
misunderstanding or misinterpretation of the 
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TESTING 


By R. L. Templin 
Chairman 
Section on Tension Testing 


A.S.T.M. 


numerical values obtained from tension tests of 
metallic alloys. 

Many of the difficulties in making tensile 
tests of metals, especially those supplied in the 
form of thin sheet, may be attributed to the type 
of grips used in the testing. Accordingly we find 
considerable attention given in the new stand- 
ards to types of grips suitable for threaded end 
specimens, shouldered end specimens, flat sheet, 
round wire, tubular products, and brittle ma 
terials. Specification E 8 — 33 should be con 
sulted for details. 

Because of what has been learned about the 
effects of size and shape of test specimen on the 
mechanical properties of metals, there is a defi 
nite tendency toward more explicit specifications 
as regards dimensions of test pieces. According 
lv, we find much attention given to this phase of 
the subject in the standards, especially in the case 
of the standard tension test specimen for sheet 
metals. Preparation of tensile specimens when 
not properly done may introduce factors which 
will materially affect the test results. The new 
standards, therefore, have called attention to the 
more important conditions, met with in practice, 


which are to be specifically avoided. 


29 








should be machined from the material. 
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The blank for the specimen should be cut in a Specimens and methods indicated in E 8 — 33 

known direction relative to the processing of for testing metallic tubing represent a distinct im- 

the sheet, and should have a minimum width provement over previous standards. Close ad- 

of *; in. if sheared or sawed from material up herence to the details of the methods given will 
to '. in. thick. Exact symmetry about the insure very satisfactory results, and remove many 
longitudinal axis should be the aim; small ir- causes for arguments, 

regularities will affect the results appreciably. While marked progress has been made in for- 
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either the rate of de- BRR 
formation or the rate of 8 S 8 a 
loading may be used as SSS _— 
a criterion, but in the S& a a 
i LKR 
plastic range it is quite now ft 
. YY & — 
evident that only the §§ Sil 
rate of deformation will 7S S 
be a satisfactory basis S88 
for defining speed of S88 P 
testing. Very few of the SOO 
- “ ! yy 9 
testing machines in use wu on 


today, however, are so —»> fxtension at various Maognificet 

é quipped that the speed Curves Showing the Effect of Magnification Factor, Applied Eithet 

of testing can be con- Stress or Strain, on the Apparent Accuracy of Yield Strength Constant 
trolled by the rate of 

plastic deformation of the tensile specimen. metals that do not exhibit the rather unique 


It is therefore desirable, if not mandatory, 
to omit speed requirements from standard speci- 
cannot be used 


fications, requirements which 


generally in present-day commmercial testing. 
\ committee of the A.S.T.M. is giving much at- 
tention to the difficult problem of drafting suit- 
able methods for defining and specifying testing 
speeds, and as soon as the results of their efforts 
are available they will undoubtedly be incorpo- 
rated into the standard methods for making ten- 


sile tests of metals. 


“Vield Strength” 


A new section pertaining to the determina- 
tion of the proportional limit, elastic limit, vield 
strength, vield point, and tensile strength de- 
serves particular attention because it introduces 


the new term “vield strength.” Yield strength is 


defined as “the stress at which a material ex- 
hibits a specified limiting permanent set.” The 
term has been evolved in response to an ex- 


pressed need for a stress value corresponding to 


the vield point so familiar in the testing of 


wrought iron and mild steel. 
Apparently, the vield strength will serve a 


useful purpose in the specification and testing of 


phenomenon of undergoing, at some stress, a 


marked increase in strain without an appre 


ciable increase in stress. Among the metals for 


which there is a need for some such new term 
may be listed (a) stainless steel. (b) severe ly 
cold worked, low carbon steel, (c) certain heat 


treated alloy steels, and (d) most of the non-fer 


rous metals. Detailed methods are given for the 


determination of the vield strength; in so doing 
it has been found necessary to recognize two dis 
material 


tinct types of metals one in which the 


has a “sharp-kneed” stress-strain diagram, and 
the other wherein the stress-strain diagram in 
the region of vielding is a smooth curve of grad 
ually changing curvature. 

Much interest has been shown in the new 


standard “set method” for determining the vield 


strength of metals which do not have a “vield 
point.” The method involves the selection and 
adoption of an arbitrary constant value of “set” 


for any given metal, a responsibility which seems 
to belong properly to committees responsible for 
formulation of proposed standards or modifica 
tion of existing ones covering specific metals or 
A value of 0.2 


for 


has been used 


both in 


metal products. 


for many vears nonferrous metals 


this country and abroad, but so far producers and 
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consumers of ferrous metals seem reticent about 
agreeing to a value or values. The stress-strain 
curves on the top of page $1 illustrate the varia- 
tions in yield strength depending on the constant 
used for set. They also serve to show how im- 
portant it is, in selecting a value for the set con- 
stant, to take into consideration the magnifica- 
tion and precision of the extensometers avail- 
able to the experimenter. 

sefore a satisfactory value for the set con- 
stant can be selected and agreed upon, it is quite 
necessary to have a number of both accurate and 
typical stress-strain diagrams from tensile tests 
of the particular metal being considered. The 
larger the value selected, the easier it is for dif- 
ferent laboratories to check each other’s results. 
The smaller the value agreed upon, the more 
satisfactory it appears to the theoretical designer, 
since it gives a stress value closer to the propor- 
tional limit of elasticity. Common sense would 
indicate such a compromise between these limits 
as would be practical in the commercial testing 
of metals. 

Requirements concerning extensometers in 
the new standards are quite brief, merely speci- 
fying that they shall read unit deformation to 
0.0001 in. 
that the extensometer should be attached to the 


Some of the older standards specified 


specimen at three equally spaced points; others 
at two points on opposite ele- 
ments of the specimen. There 
are apparently insuflicient data 
available to warrant these more 
specific requirements in the new 
standards. Again, it has been 
recognized that there are other 
more important requirements in 
good testing procedure; such as 
alignment of specimen, axial 
and uniform application of load, 
and accuracy of machining the 
specimen, 

Much needs to be done in 
the development of better ex- 
tensometers before more rigid 
specifications are adopted con- 
cerning them. Furthermore, 
some of the standard methods 
do not require as accurate an 
extensometer as others 


ample, the approximate versus 


There are many kinds and types 
metal to 


of extensometers now available, 
analysis, and 


such as optical, mechanical, 
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for ex- R. 


Chief Engineer of Tests, Research Labora- 
the more accurate set method. lories of Aluminum Co. of America, has 
subjected the common methods of testing 
searching investigation and 


extensively on these subjects 


electrical, and combinations of these. It may be 
said that each has short-comings in its present 
form in spite of the many improvements that 


have been made. 
Calibration of Extensometers 


As yet no requirements are given in the 
standards for calibration and accuracy of ex- 
tensometers. These might well be considered for 
future inclusion in standard methods when ac- 
ceptable procedures and limits become evident. 
Meanwhile comparative tests indicate that satis- 
factory results can be obtained with the avail- 
able extensometers when they are used carefully 
and conscientiously. 

So far the standard methods of tension test- 
ing, like many of the other standards of the 
American Society for Testing Materials, have 
avoided the problem of how far the mathematical 
reduction of test values should be carried. For 
example, if a test specimen having an area of 
0.200 sq.in. broke under a total load of 9530 Ib., 
should its tensile strength be recorded as 47,650 
psi. or 47,700 psi.? This same problem arises in 
almost any experimental determination, be it 
mechanical, chemical, electric, or what, and it 
would seem reasonable to carry computations 
only to a point warranted by the accuracy limits 
specified or implied in 
the measurements. 

In conclusion, one 
may point out that 
the standard methods 
adopted by the A.S.T.M. 
do not represent the 
highest type of proced- 
ure known in the test- 
ing of metals, but are an 
acceptable compromise 
between producer and 
consumer which will 
give satisfactory results 
under commercial pro- 
duction conditions. Be- 
cause of the empirical 
nature of the details of 
the standard methods, 
it is highly important 
that the specific require- 


Templin 


ments indicated be 
rather rigorously fol- 
lowed if the resultant 
est values are to be 
written and lectured a 

strictly comparable. 
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5% CR 5B 


service records 


are satisfactory 


HEN equipment for distilling oil at 
high pressure was first developed, car- 





bon steel was used for tubes in heaters 
operating under temperature and pressure, and 
was satisfactory when oils with relatively low 
corrosion rates were processed. Even at the 
present time there are many locations where car- 
bon steel is the economical metal to use, as the 
oils are mildly corrosive. As the art of cracking 
of oils developed, through use of higher temper- 
atures and pressures, rapid corrosion became 
more common and severe failures in heater tubes 
were experienced. The first photograph on page 
$4 shows three such failures which occurred 
seven to ten years ago and represents early difli- 
culties with carbon steel. 

About 15 years ago refiners began a system- 
atic study of various alloys to resist corrosion. 
Specimens of various alloys were suspended in 
different locations in refinery units. From this 
study it was learned that chromium alloys and 
aluminum alloys were remarkably resistant to 
corrosion in cracking units. Chromium alloys be- 
‘ause of their excellent physical properties under 
high temperature and pressure received consider- 
able thought, and various chromium alloys of the 
Stainless iron type were used for pump parts, 
valve gates and stems, bubble caps and trays, 


burners, and miscellaneous refinery use. 
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By E. S. Dixon 
Refining Department 
The Texas Company 

Port Arthur, Texas 


The next step was to test these alloys for use 
in heater tubes. 

Space does not permit a systematic account 
of the various experiments with alloys similar to 
the original cutlery analysis, the 16 to 18°% chro- 
mium tubes, and alloys with 18% chromium, 8% 
nickel. Suffice it to say that the oil man, in his 
search for corrosion resisting alloys, used those 
then available to the industry. The first stainless 
steels were designed for every day use, such as In 
cutlery, and because they were resistant to stain 
and moisture corrosion (rust). 

These steels were not found to be generally 
suitable for refinery use However, the net re 
sult was a feeling of distinct encouragement, and 
in 1925 a series of tests was initiated by the oil 
industry to determine how little chromium could 
be incorporated in a steel having an analysis sult 
able for the manufacture of seamless steel tubing 
The primary purpose was to ale velop a moderat 
ly priced steel which would have marked re 
sistance to corrosion because of the chromium 
content, even though not wholly resistant 

The graph on page 35 was compiled from 
this series of tests. It shows a sharp decrease 1n 
corrosion rates under refinery conditions for 
relatively small increase in chromium content 
Ihe decrease in corrosion rates is not so marked 


for the higher chromium contents 
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The location on this curve identified by 4 to 
6°. chromium was selected as being of interest. 
The chromium content was sufliciently high to 
have a corrosion restistance three to four times 
that of felt that the 
physical properties of this steel would be more 


carbon steel, and it was 
nearly similar to those of a carbon steel, rather 
than to a stainless steel. 

In November, 1927, the first installation of 4 
to 6°. chromium heater tubes was made. These 
tubes were in service for two years; their cor- 
rosion rate was low and they did not fail by 
bursting wide open without bulging. The type of 
failures experienced was similar to those with 
carbon steel tubes. 

Ample experience shows that 4 to 6° chro- 
mium steel is a corrosion resisting alloy where 
the corrosive medium contains hydrogen sulphide 
or any sulphides which react with iron, steel, 
brass or monel, giving iron sulphide, copper 
sulphide or nickel sulphide as the products of 
corrosion, 

While the principal refinery use for the 4 to 
still 


equipment, this steel should not be used gener- 


6°, chromium steels has been in pressure 


ally, or in a new location until a preliminary 
study of corrosion conditions has been made. A 
refinery experiencing corrosion in pressure stills 
or other equipment should place specimens of 
various metals in stills, towers, lines and other 
equipment. The procedure for testing should be 
that developed by American Petroleum Institute’s 
Committee on Corrosion. The test bars should 
include among others carbon steel, 4 to 6° chro- 
mium steels and 18-8; a relative value with re- 
spect to corrosion resisting properties will readily 
If the 4 to 6% 


shows no marked corrosion resisting properties 


be determined. chromium steel 
as compared to carbon steel, then it should not 
be considered. If it shows a value three to four 
times that of carbon steel, it then becomes an 
economic problem as to whether it pays to install 
this relatively expensive chromium steel and 
have it last three to four times as long as the 
cheaper carbon steel. 

For example, if carbon steel tubes are re- 
moved from a unit every six months and 4 to 6% 
chromium steel lasts four times as long, the 
economy is certainly justified. If, on the other 
hand, carbon steel lasts three vears or more, then 
the alloy steel is probably not justified, for it is 
possible that equipment is obsolete before 12 
vears have elapsed. 

At temperatures 800° F. to 1200°F. the creep 
and short time ultimate strength of the 4 to 6% 
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Steel Tubes Which Failed in Servi 


Observe the heavy scale, showing 


Three 
Pressure Still. 
temperature of the tube wall, and which ts responsil 


Carbon 


thinning the metal in the center one to 


chromium steels are greater than for carbon 


steel. At these temperatures a refiner has the 
option of using heater tubes and outside lines of 
thinner wall thickness than if they were made of 
carbon steel, 


F. to 1300° F. 


there is but little advantage to be gained in using 


At temperatures between 1200 


1 to 6° chromium steels for long time service, 
as their creep strength is very little above that of 
carbon steel (unless, perhaps, tungsten or molyb- 
denum is added to the analysis). However, at 
the 


strength of the 4 to 6% chromium steels is ap- 


these temperatures short time ultimate 
proximately 50° higher than that of carbon steel, 
which results in a greater safety under adverse 
conditions. Through their use the number of 


failures at these temperatures has been reduced. 
Specifications for Purchasing 


When purchasing tubes of 4 to 6% chromium 
steel, Specification No. 200, adopted by Asvocia- 
tion of American Steel Manufacturers’ Technical 
Committee, is satisfactory. This specification can 
be added to or corrected as the customer choses 
Specifications for castings are being included in 
tentative specifications for alloy steel castings for 
valves, flanges and fittings for temperatures not 
exceeding 1100° F. now being compiled by Sub- 
Committee XXII of Committee A-1, American So- 
ciety for Testing Materials. 

The use of 4 to 6°¢ chromium steel tubes re 
quires certain precautions in installation: 
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(1) The metal must be soft enough to ex- 
pand when rolling into headers. The power re- 
quired to roll in these tubes is greater than to 
While not absolutely 


necessary, it is advisable to roll chromium steel 


roll in carbon steel tubes. 


tubes into headers or junction boxes with the 
For 4 to 6% 
steel, with or without molybdenum, a Brinell test 


steel heated above 70° F chromium 
should show a hardness number not to exceed 
163 for material ordered with a maximum car- 
bon content of 0.15¢-, and Brinell 170 maximum 
for material ordered with a maximum carbon 
content of 0.20‘ 

(2) For fabricating tubing bends in pipe 
bending shops, 4 to 6 chromium tubes can be 
bent hot or cold, depending on the diameter of 
the pipe and radius of the bend. Bends made 
cold of 445-in. 


over four vears. 


tubing have been in service 
When bends are fabricated hot, 
care should be taken to see that temperature 
when bending is in excess of 1500° F.; due care is 


also to be exercised to avoid sudden chilling 
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on Welded Specimens Cut From Tubes Made of 4 to 6 
a Volybdenum Steel. Tubes were from two steel 
nsion tests usually fail in the joint, well necked down 


from a cold blast of air or water quench. Finally, 
careful and correct heat treatment of the finished 
hot bend is necessary. It is not necessary to heat 
treat cold bends. The fabrication of alloy steel 
tubes into bends thus requires a technique differ- 
ent than that used in carbon steel. 

(3) The air hardening properties of this 
metal must always be remembered, particularly 
when hooking up equipment in the field. Any 
heating which causes air hardening must be fol- 
lowed by the proper heat treatment whether in 


the shop or in the field. 
Welding Practice 


Heretofore it has been the general conten 
tion that it would be practically impossible to 
weld, in a safe and reliable manner, those chro- 
mium steels which possess pronounced air hard- 
ening and low impact properties when air cooled 
from the high temperatures that accompany arc 
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welding operations. However, the technique of 


electric welding of 4 to 6°> chromium alloy steel 
has been satisfactorily developed both in the shop 
and field by a large oil refinery in the South 
west; welding has therefore been adopted as a 
method of making joints and connections in 
fabricating and repairing 4 to 6°- chromium steel 
parts in cracking still equipment 

Chromium steels of this type are being 
welded with a heavily coated electrode contain 
molybdenum, and a 


ing 4 to 6° chromium, 0.5' 


maximum carbon content of 0.15 These elec 


trodes are sold by several nationally known 
manufacturers of welding equipment. 

Previous to all welding operations, the mem 
bers are assembled in place and the joining lips 
of the plate are heated between 500° and 600° | 
they are then tacked together with the above- 


Welding is done with re 


verse polarity (that is, electrode 


mentioned electrode. 
positive } ma 
each laver of weld metal is deposited in the sam« 


manner as when using covered electrodes of 


plain carbon steel. Previous to the deposition of 
each laver of metal the adjoining plate mat 
is heated to 500 to 600° F 
time before completion of the weld be allowed t 
cool below 300° F. At 300° F. or above. air hard 
ened 4 to 6°° chromium steels possess sufl 


toughness and ductility to prevent the deposited 


. and should not at a! 


weld metal from cracking due to contraction 
stresses. 

The simplest form of welding is in a fla 
downward position, but a skilled welder car 
satisfactorily do vertical and overhead welding 

Immediately after completion the weld 
should be annealed at 1600° F. 


in order to eliminate the undesirable character- 


and slow ly cool. d, 


istics which air hardened chromium steel pos- 


sesses (this includes both field and shop welds) 
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Original Tube at Left Expanded by Overheat and Pres- 
sure to Size at Right Before it Split at Arrow Mark 


The photograph on page 35 shows the duc- 
tility of the weld metal. (AIl of these examples 
were taken from specimens of steel from two 
pipe makers, welded and annealed under field 
conditions). Metallurgical examination of field 
welded metal reveals that less than 0.25% chro- 
mium is lost during the welding operation, and 
that the structure of the final annealed weld and 
adjacent plate material has a fine and uniform 
appearance — even superior to the parent plate. 

Corrosion tests on this type of welded joints 
have consistently shown, in actual service, that 
the deposited weld metal is equal to the parent 
plate in resisting deterioration. Hot oil pump 
discharge lines with field welded and annealed 


. 
4 


joints operating under 500 psi. pressure at 800° F. 
for one year have revealed both a very reliable, 
practical and dependable type of construction 
for the refinery industry. 

The life of 4 to 6% chromium tubes 
in pressure still service is from four to 
eight times the life of carbon steel when 
appreciable corrosion is experienced, 
and corrosion is uniform rather than of 
the pitting type. If this alloy steel is not 
sufliciently superior to carbon steel with 
respect to corrosion, then it should not 
be installed. 

Tubes made of 4 to 6% chromium 
steel when operating hot (above 300° F.) 
are ductile and tough. The impact value 
for this steel when hot is excellent. Al 
though the creep strength at 1300° F. is 
approximately that of carbon steel, its 


short time strength at 1300° F. is better 





Company, and for some years 


Hot Tubes Are Ductile 


This ability to swell gradually is an im- 
portant feature for this type steel, and an in- 
stallation of heater tubes in ten batteries of pres- 
sure stills has operated over four years, with no 
sudden failures which can be attributed to the 
quality of metal. 

The view alongside shows the tendency of 
this metal to swell gradually under temperature 
and pressure. The cross-section at the left is the 
original tube; that on the right was cut through 
the tube at the swelled portion. The diameter 
has increased 1, in., but the tube did not 
burst wide open. In another failure, where a 
tube split for a short distance, the internal 
diameter had increased from 4 in. to 4%¢ in. by 
creep in two years’ service, yet the wall thickness 
was the same as specified in the original tube 
within the limits of accuracy of our measure- 
ments. The average loss in metal wall thickness 
on the 4 to 6% 
heaters mentioned above has been less than 1/16 


chromium tubes in these ten 


in. after over four years in operation. 

Although tubes of this alloy are strong, duc- 
tile, and tough when heated, a tendency to be 
brittle when cold developed after two years of 
operation. This trait is particularly noticeable 
during the cold months, when batteries are down 
for cleaning and the tubes are cleaned with 
mechanical knockers. This subject has been dis- 
cussed in a paper presented by Wilten and Dixon 
at the June, 1934, meeting of the American So- 
ciety for Testing Ma- 
terials entitled “Aging 
Embrittlement of 4 to 
Steel.” 
The precautions to be 


6°. Chromium 


taken when using chro- 
mium steel tubes con- 
taining no molybdenum 
are to clean the tubes 
when the unit first 
comes off the line. or 
before the tubes have 
cooled te a minimum 
metal temperature of 
approximately 300° F. 


E. S. Dixon through the entire 
Is metallurgist for the Texas length If the tubes 
gth. 


have cooled below the 


i “ar ) Stee ‘refore *S . . 
than carbon — steel, therefore, tube has been stationed at their large 
operating at a red heat as do many refinery at Port Arthur, Tex., minimum metal tem 
tubes — swell gradually rather than where he has had first-hand ex- perature, they should 
verience with chromium alloys , 
/ be reheated before 


bursting wide open, giving operators due 


warning. 
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>IT TING 


im mavy use 


UMORS of serious failures of corrosion 
resisting steel in warships of the U. S. 
Navy have been circulating for several 
months, and finally reached publication on the 
York 


Associated Press dispatch saying the Navy had 


first page of the New Times and an 
decided to eliminate such steel from vessels now 
under construction. This bad news (quite in- 


accurate) has traveled fast, and, although 
quickly denied by responsible naval officers, has 
disturbed many consumers of the corrosion re- 
sisting steels, and raised some doubts as to the 
utility of these alloys for severe service. The 
facts are worthy of record: 

Che Bureau of Construction and Repair, 
UL. S. Navy, has been interested in corrosion re- 
sisting steels ever since their commercial produc- 
tion. They offered opportunities for weight 
saving and permanence when replacing galvan- 
ized steel or wrought iron; the latter either had 
to be used in extra heavy section to provide for 
corrosion losses or replaced before the ship be- 
came obsolete. Weight saved on the top sides 
increases the stability of the ship and permits 
an equal increase in power plant or armament. 
Consequently the Navy has put an important 
tonnage of strip and sheet analyzing 18‘¢ chro- 
nickel (the so-called 18-8) into deck 


houses, floors, hatch covers, and a variety of other 
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structures exposed to atmospheric corrosion in 
port and to dashing spray or water in a seaway. 
In these places the metal has served excellently, 
and the Navy has no intention of avoiding such 
uses in the future. The same may also be said 
of some other applications of corrosion resistant 
steel where the metal is attached to the hull so it 
is submerged almost continuously, such as rods 
and arms for operating diving fins on submarines, 


and stranded wire cables for mooring. 
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An Editorial 


This article is not to 
be construed as official 
ol reflecting the 
of the Navy Department 


Views 


These satisfactory results encouraged the 
naval constructors to put corrosion resisting steel 
into two applications in which unfortunately it 
did not stand up—namely, gasoline stowage 
tanks and fire lines. Let us examine the circum 
stances surrounding such failures. 

Salt water is pumped into the bottom of the 
tanks so the gasoline can be drawn off under 
hydraulic pressure at all times; consequently the 
stowage tanks contain variable quantities of 
gasoline, doped with tetra-ethyl lead and ethylene 
dibromide, and sea water more or less fouled 


lanks 


on the first aircraft carriers had been made of 


with marine organisms or diluted sewage. 


galvanized steel plate, welded, with welds tinned 
a reasonably satisfactory construction. On the 
newer ships the tanks were to be built into the 
hull in quite inaccessible locations, and the use of 
18-8 promised absolute immunity from leakage 
(most dangerous in confined spaces aboard 
ship!) for the entire life of the hull. 
ihe second unsatisfactory experience was 
with fire lines of thin-walled seamless tubing, 
installed on the latest 10,000-ton cruisers In 
older ships galvanized steel or iron pipe has been 
used, much heavier in wall thickness and of less 
life than the hull. 


18-8 would resist sea water perfectly, and not 


It was anticipated that the 


only save considerable weight, but also the cost 
of expensive replacements. 

In both situations the stainless steel failed by 
pitting in as short a time as six months! These 
two are the applications which have given all the 
trouble, which are being removed from existing 
ships, and which will not be resumed until the 
cause is definitely known and cured. It would be 
a dis-service to corrosion resisting steel to gloss 
over the facts, and allow other users to stumble 
into similar troubles. A multitude of laboratory 
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salt spray tests and extensive naval experience 
prove that commercial 18-8 is totally resistant to 
common salt (sodium chloride), sea salt and sea 
water when moving vigorously and aerated, or to 
seashore and marine atmospheres. ‘Trouble by 
pitting arises from more or less stagnant sea or 
harbor water, and there is not the least cause for 
worry about a multitude of applications in 
dozens of industries where chloride ions, stag- 
nant solutions, and foul deposits are not en- 
countered or not permitted. 

Very serious study has been given to these 
failures, both by naval personnel and various 
metallurgists. It would be well to list some of 
the findings to date. 

The first gasoline tanks were of welded plate, 
and the heat treatment subsequent to fabrication 
was improperly done. Damaging pits occurred in 
locations where the metal had not been quenched 
rapidly enough in final heat treatment, a condi- 
tion which makes 18-8 susceptible to inter- 
granular corrosion, as is well known. To avoid 
this condition on later tanks they were made of 
metal higher in alloving elements (approaching 
19. chromium, 9. nickel), lower in carbon 
content, and unusually clear of solid non- 
metallic inclusions — all matters which are be- 
lieved to increase the stability of the alloy — yet 
serious pitting occurred in a few months! Loca- 
tion of these pits could not be correlated with 
welds, bends, or position of plate. Large areas 
were unaffected. Some pits were so small or 
tightly closed as to elude careful inspection and 
were located only by “weeping” of gasoline out- 
side. The under-surface cavities, when cut into, 
are of various shapes, and contain entrapped 
moisture so tenaciously that bubbles of corrosion 
products are exuded even after months in dry, 
warm storage. Others are open at the top, as 
big as oyster shells. 

Pits in the fire-line piping were also inde- 
pendent of position, proximity to welds, pipe 
ends, or contact with dissimilar metals. Cast 18-8 
valve fittings were penetrated as rapidly as the 
pipe walls only 25°° as thick, leaking through 
spongy areas in bodies and flanges. 

The conclusion which may be reached from 
the data is that general attack by chemical re- 
action with sea water is not a factor in these two 
services; neither is corrosion by oxidation, by 
intergranular attack, nor by electrolysis set up 
by contact with dissimilar metals. Some experi- 
menters blame the trouble on (a) “contact corro- 
sion” under non-metallic substances (either scale 
or inclusions), or under solid particles brought in 
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by the water, or (b) corrosion by “oxygen con- 
centration cells” existing in porosities and pits 
or caused by lodgment of organisms or even dead 
organic matter which has a reducing or deoxid- 
izing nature. 

If these conclusions are correct, then a suc- 
cessful 18-8 for these two services must be free of 
non-metallic inclusions with polished surfaces, 
and the sea water must be filtered even of micro- 
scopic organisms and particles of metal from 
pumps or valves. Obviously, none of these re- 
quirements can now be met, either by steel 
maker, fabricator or naval engineer, and the deci- 
sion to abandon 18-8 for gasoline tanks and fire 
lines until more accurate information is available 
is not to be criticised. On the other hand, in- 
vestigation may show that the situation is not 
nearly as hopeless as it appears to the theorist. 

It is noteworthy that the conditions for suc- 
cessful naval service differ from the unsuccess- 
ful ones in that the sea water in the first case is 
freely circulating and well aerated, whereas in 
the latter it is relatively stagnant. Idle boats in 
lake waters also pit severely, whereas busy boats 
have no such troubles with hull plates! 

Extensive experimentation by research lab- 
oratories of at least two steel producers indicates 
that attached particles of matter, either organic 
or inorganic, do not start a pit, even when using 
harbor water as the corrodent, and particles of 
muck taken from the damaged pipe and tanks as 
accelerators. On the other hand, fairly rapid 
pitting can be induced in 18-8 by special solutions 
(“pitting solutions,” they may be called) such as 
ferric chloride and sodium hypochlorite, and by 
certain solids, such as graphite and rubber. 

While there is no warrant to draw a close 
parallel between corrosion in stagnant sea water 
and in “pitting solutions,” some results of experi- 
ments in the latter may be informative: The 
evidence points to irregularities of some sort at 
the surface as the locus of the pit, where the 
normal protective coat of oxide is broken and 
prevented from reforming and attaching itself. 
Since steels with a low inclusion count pit no less 
freely than quite dirty ones, it is doubtful that 
visible inclusions are the culprits. Another 
surface irregularity may be a minor variation in 
the chemical composition of the iron-chromium- 
nickel solid solution, and this may be the locus 
of the trouble. 

Some other interesting observations are that 
a sheet, known to be susceptible to pitting, is al- 
most immune if highly buffed and polished. On 
the other hand, shearing or sawing out the sam- 
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ple seems to increase the number of pits growing 
in from the edge, so cold work of this sort has 
some accelerating action! 

Assuming that variation in chemical compo- 
sition or presence of oxide may locate the surface 
defect and be the first cause of a pit, some sur- 
face treatment can likely be devised which will 
remove these irregularities before it gets into 
service. But whether pitting once started can be 
stopped will be questioned by a believer in cor- 
rosion by oxygen concentration cells. This type 
of corrosion may start immediately wherever 
there are porosities of small cross-sectional area 
in proportion to their depth. Under such cir- 
cumstances, the electrolyte in the bottom of the 
hole becomes poorer in oxygen than at the en- 
trance, the oxygen-poor area is anodic to the 
other, and an electrolytic cell is formed. The 
products of corrosion (iron, chromium, and 
nickel ions) are carried to the cathode, that is, 
to the entrance of the pit, where they oxidize; 
even if they deposit there, they are unable to pro- 
tect metal at the bottom of the pit from further 
attack, with the result that corrosion continues 
until the metal is perforated. 

These considerations lead to the thought 
that the pitting corrosion may best be avoided 
by an alloy of considerably different analysis 
from 18-8 — one that is better capable of resist- 
ing attack by an oxygen concentration cell. The 
Bureau of Construction and Repair, U.S. Navy, 
has therefore considered the desirability of se- 
lecting individual ships in each of which will be 
installed a complete system of pipe of material 
which offers definite promise of being free from 
the pitting tvpe of corrosion in sea water. Pre- 
igations indicate five such ma- 


(a) 18-8 with 3% molybdenum; (b) 18-8 


liminary invest 
terials: 
with 5° 
metal; (d) 70° 


rubber-lined steel. 


manganese and 1‘. copper; (c) monel 
copper, 30° nickel allov; (e) 
Results of such trial instal- 
lations will be awaited with the greatest interest. 

While the unexpected failures of 18-8 in two 
classes of naval service are extremely regrettable, 
there is no need for consternation among other 
users. It is not the first misapplication made 
with a new material — even the corrosion resist- 
ing steels have successfully recovered the ground 
lost after a failure in a service for which they 
have been mistakenly recommended when an- 
other analysis or another alloy of different na- 
ture was far better fitted. 

One needs only to recollect the failure of 
18“. chromium-iron tubes in petroleum refinery 
service, embrittled by stay at high temperature. 
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Adding 8% nickel to the analysis corrected the 


trouble. Then there were serious troubles with 
welded 18-8, corroded alongside the joint, until 


the proper composition, stabilizing additions, 
and heat treatment were discovered. Chromium 
iron rivets driven in nitric acid equipment would 
break spontaneously until it was found that tem 
peratures in manufacture and in driving must 
be strictly limited to 14007 F 


periences with 18-8 in both the woolen textile 


Unsatisfactory ex 


industry and the paper and pulp industry have 
been cured by adding 3° molybdenum to the 
alloy. Mirror-finished press plates of 18-8, widely 
used in making laminated paper products, were 
found to roughen quickly because of the high 
coetlicient of thermal expansion, and the trouble 
was cured by a lower cost high chromium alloy 
Pitting 


of 18-8 in contact with calcium chloride refrig 


having a much lower rate of expansion 


erants has been prevented by the use of low 
carbon metal and neutralizing the solution by 
simply immersing a bag of lime in the circulating 
system. Even in so simple an application as 
architectural trim, 18-8 will rust and pit if build 
ing filth attaches itself but in the most severe 
case the original color can be readily restored by 
washing with Bon Ami, and rusting and pitting 
do not re-occur on the finished structure 

In every one of these misapplications — and 
more might be cited stainless steel has prob- 
ably received a black eve and temporarily lost 
ground. Most of them have come and gone with 


out handicap of false reports in newspapers 


However, technologists, like rm porters, learn 
more from failures than from successes, and in 
all these instances it has been possible to pro 
duce a steel which overcame the difficulties of 
the previous type, or to make some minor change 
in the condition of application which cured the 
trouble. 

While the cause and cure of pitting in stag 
nant sea water has not yet been discovered, the 
search Is vigorous enough to warrant success 
We know enough about it already that any in 
telligent user of stainless steel can appraise the 
conditions which exist in his service, and deter 
mine whether there is any cause for worry. If 
chloride solutions are handled in high chromium 
steels they should be kept neutral, entirely fre« 
from ferric chloride, in continuous circulation, 
and free from organic or inorganic solids. Peri 
odic cleaning of the equipment is also quite 
desirable. Precautions such as these have bee 


water piping 


in use for years in innumerabl 
svstems where an intelligent effort to mitigate 


corrosion has been made. 
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JOHN ALEXANDER MATHEWS died 
of a heart attack on January I1, 1935, at 
his home in Scarsdale, N. Y. 
1921 honorary member of American So- 


He was since 


ciety 
world-wide fame. 

For over 30 years he was among the 
intellectual leaders of the American steel 
industry. Amongst his notable achieve- 
ments were the use of the electric furnace 
in making high quality steel, the Ameri- 
can production of magnet steels, the im- 
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provement of high speed steel by the addi- 
tion of vanadium, the development of 
various vanadium steels, and the improve- 
ment of heat resisting austenitic steels. 
Born at Washington, Pa., May 20, 1872, 
he graduated at Washington and Jefferson 
College in 1893 and took his Ph.D. at Col- 
umbia University in 1898. 
the Barnard Fellowship and went to Royal 
School of Mines, London, where he studied 
metallography under Sir William Roberts- 
Returning to Columbia in 1901, 


He was given 


Austen. 


METAL PROGRESS 








he worked in Professor Howe’s laboratory 
on a series of alloy steels, having been 
awarded one of the first Carnegie Scholar- 
ships for that purpose by the Lron & Steel 
Institute of Great Britain, and for which 
work he received the first Carnegie Gold 
Medal. Finishing this work, he went to 
the Sanderson Brothers Steel Co., Syra- 
cuse, as metallurgist in charge of experi- 
mental work and soon became assistant 
manager. 

He married Florence Hosmer King in 
1903. She, together with a daughter and 
a son, survive him. 

When Doctor Mathews went to Hal- 
comb Steel Co. in 1908 as operating man- 
ager. he found the first Heroult electric 
furnace erected in this country. It was 
cold, having been considered a failure, 


but the new manager encouraged his staff 


to try again, and soon the furnace was 
establishing a new standard of quality in 
alloy and tool steels. 

His interest in steels for permanent 
magnets dates back to the days at the 
Sanderson works. At that time nearly all 
such material was imported. 
later we were practically self-sufficient. 
as far as tungsten and chromium magnet 
steels were concerned. When, during the 
War, tungsten commandeered for 
other purposes, he was able to devise a 
He was constant 
in his belief that the magnetic properties 
of carbon and alloy steels were of use in 
routine testing, and that they could even- 
tually be correlated with the ultimate 
structure and mechanical properties. 
Numberless anomalies in these relation- 
ships were cleared up by Dr. Mathews’ 
brilliant hypotheses (contained in_ his 
Henry Marion Howe memorial 
1925) that austenite co-exists with mar- 
tensite in hardened steels and that more 
austenite is retained in certain alloy steels 
after quenching in oil than in water—hy- 
potheses which have been amply 
firmed by later investigators. 

When Dr. Mathews first turned his at- 
tention to vanadium as an alloying ele- 
ment, he found that the entire American 
stock consisted of 30 Ib. of contained 
vanadium in ferro, quoted at $72 a pound! 
Nevertheless he tried its effect on all the 
tool steels then manufactured by his firm, 


Five years 


was 


satisfactory substitute. 


lecture. 


con- 
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and discovered that 1°) vanadium tripled 
the cutting efficiency of the best high 
speed steels then on the market. This was 
the first fundamental improvement to the 
Taylor-White steels. He also introduced 
vanadium into the nickel, chromium, and 
nickel-chromium alloy steels, and fur- 
nished samples to the late Henry Souther, 
who was then metallurgist for the Licensed 
Automobile Manufacturers Association, 
substantiating his claims for excellence 
with impact values—then seldom used. 
In 1920 he was elected president of 
Crucible Steel Co. of America, a post he 
held during the difficult’ years between 
1920 and 1923. During that time the exec- 
utive staffs were thoroughly reorganized. 
That task completed—which taxed his 
ability and his humanity to the utmost— 
he returned to his first-love as director of 
research and vice-president of the cor- 
poration, a position he held at his death. 
The development and perfection of the 
heat and resisting steels has 
occupied a good portion of the time of Dr. 
Mathews’ research staffs in recent years, 
and a series of notable technical contribu- 
tions have been the result. 
Dr. Mathews took his 
seriously. He was a clear, lucid writer in 
his chosen field and published about 100 
papers. He was in great demand as a 


corrosion 


civie duties 


speaker at chapter meetings. The number 
of his public, philanthropic, and techno- 
logical activities is too long to quote—it 
would only serve to prove his versatility 
and his devotion to his country, his in- 
dustry and his fellow man. 

How easy it is to tell what a man has 
done, how difficult to put in words what 
he was! To those who knew him and worked 
with him, that is not necessary, for his 
kindly personality and the charm of his 
company endeared him to all. His friends 
everywhere will miss his optimistic smile, 
because he was never downhearted about 
He knew that 
things would turn out splendidly for those 


business, work or research. 
who strove for an end. Most especially 
those who worked in his laboratories or in 
the plants will feel the loss of a sympa- 
thetic leader, a patient teacher, a reliable 
guide and a real friend. He was a kindly 
gentleman. 


William Campbell. 
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CORRESPON 


and notes 


from abroad 


Evaluation of Inhomogeneities 


im Solid Solutions 


ARIS, Franc Differences in chemical com- 

position of the solid solution alloys arise from 
three principal circumstances, (a) dendritic seg- 
regation during solidification, (b)  allotropic 
transformations in the solid state, and (c) pre- 
cipitation or segregation of fine particles. Study 
of such inequalities is most important; many 
annealing operations are encountered whose 
principal aim is to restore the most uniform 
structure possible. 

It is interesting to consider whether the ir- 
regularities in concentration on any metallic 
section can be plotted in the same way a topo- 
graphic surveyor maps the irregularities and sur- 
face features of a given terrain. He draws a 
series of sinuous lines or “contours,” each of 
which locates all points at a certain elevation 
above sea level. Peaks are surrounded by closed 
curves; the contours reach up into valleys a lesser 
distance as the elevation is lower. 

Such a “topographic map” of a metallic sur- 
face would be drawn with “iso-chemical” con- 
tours; a given difference in actual content of the 
element under investigation would represent the 
“contour interval” A Z; if the change in chemical 
composition were very sharp these iso-chemical 


lines would be close together, that is, their hori- 
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zontal spacing 4 X on the map would be small, 
and vice versa. 

While 4 X and A Z depend on common ante 
cedents, they are independent functions, and 
have different effects. Thus, intercrystalline cor- 
rosion depends on AZ, whereas the proper an- 
nealing program depends on the concentration 
gradient \Z—AX. Measurement of these two 
values is difficult and delicate. 

Of course a general idea of the steepness 
of the gradients (AX) may be had by micro 
graphic or macrographic examination of an 
etched or cold worked specimen, but the data so 
secured are but qualitative. To determine A Z we 
may study the electrical, magnetic or mechanical 
properties, either (a) by a survey, point by point, 
when such is possible, else (b) by studying the 
variations in the test results as a function of the 
test specimen, or (c) by noting the variations of 
a given property after longer and longer anneals, 
causing more and more diffusion, a widening of 
AX and eliminating many iso-chemical contours 
at high peaks and deep valleys. 

Unfortunately, many of the metallic proper 
ties determined by the research investigator ar¢ 
the result of an integrated effect of all internal 
variations, and not the maximum difference in 
chemical composition Z. About the only way 
this value can be determined is by the position 
and amplitude of the Curie point, and this, un 
fortunately, may be used only on ferro-magneti 
metals and alloys. 

Of course, the ferro-magnetic alloys are very 


important, and among them are the corrosion re 
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sisting alloys of iron, nickel and chromium. In 


such alloys the precipitation of fine carbides or 


other compounds has the greatest influence on 
their chemical resistance and their mechanical 
impact toughness). <A 


properties (especially 


quantitative study of these alloys made along the 


lines indicated above has convinced the writer 


that variation in chemical composition of the 
solid solution is at least as important as the pre- 
cipitation of fine carbides and other particles of 
a separate phase, in influencing hardening and 
intergranular corrosion, 

After all, it is to such differences in concen- 
tration of elements in solid solution that may be 
imputed the hardening of the aluminum-copper 
alloys which occurs prior to the precipitation of a 
separate phase. Similar phenomena may be re- 
sponsible for many puzzling actions in metallic 
alloys, now unexplained. 

ALBERT PoRTEVIN 


Alloy Steel Axles for Locomotives 


railroads are in- 


URIN, 


creasing the speed and weight of trains for 


ITALY European 
the same reasons the American railroads have 
acted upon. This, in turn, has required a re-ap- 
praisal of certain essential locomotive parts, to 
insure the maximum safety under greatly in- 
creased loads. Frequently this study was ex- 
tended to the early steps of manufacturing, and 
even into the primary steel making processes. 

A typical example is supplied by locomotive 
axles. These, on European engines, are crank 
axles, for we usually mount steam cylinders close 
together so the connecting rods are inside the 
wheels, rather than outside, as on American loco- 
motives. 

Until a few vears ago the standards of the 
principal European railway companies generally 
specified three different qualities of crank-axle 
steel (“ordinary,” “superior” and “special”) to 
be used for locomotives of corresponding weight 
and power. These specifications were usually 
based on the physical properties of the metal, 
and very seldom mentioned a required composi- 
tion (except for sulphur and phosphorus), or a 
manufacturing process. An exception to this is 
that some French, German and Italian companies 
specified nickel steel for the “special” quality, the 
nickel content being 


— 


generally in the range 3’ 
tod . The reason of this chemical specification 
has not been recorded. 


When the requirements had to be materially 
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increased to meet the new conditions of service, 
the efliciency of the heat treatment of the axles 
(either carbon or nickel steel) became of para 
mount importance. At the same time, the dimen 
sions of the pieces to be heat treated were greatly 
increased especially on account of the general 
adoption of one-piece axles in place of compound 
axles. It therefore became necessary to use steels 
capable of receiving a deep heat treatment, and 
chromium-nickel and chromium-nickel-molvbad: 

num steels were introduced. 

However, other serious troubles were CAPM 
rienced with these alloy steels for two main rea 
sons. First of all, the tendency of these steels to 
form large primary crystals when cast in ingots 
large enough for the one-prece axles, often led to 
local defects, caused by the great extent of the 
processes of liquation — that is, the intense a¢ 
cumulation of impurities at the boundaries of the 
primary crystals. These defects act as “primers” 
of cracks, and had the well known harmful effect 
on the endurance of the axles. In the second 
place, the peculiar tendency of the above men 
tioned steels to retain non-metallic inclusions in 
creased materially the number of rejects after 
finishing, on account of “lines” on machined 
journal surfaces, 

After many troubles accountable to these 
peculiarities, practically all railway companies 


introduced in their specifications very severe 


clauses requiring the steel maker to guarantee a 
minimum life for locomotive axles. Some of the 
French companies, in an effort to avoid the harm 
ful effects of 
hearth steel for “special” axle steel. 


impurities, specified acid open 

Though these difficulties are now minimized 
by improvements in the melting, casting and 
treating processes, there is a strong tendency 
among European manufacturers and railway 
companies to abandon chromium-nickel steels 
for locomotive axles, and to adopt chromium 
molybdenum steels. The results obtained with 
the latter have been excellent in every respect, 
including high resistance of the journals to wear 


Frepertico GioLuirri 


Rapid Nitriding of Steel 


OSCOW, U.S.S.R. We have been much in 
terested in the nitriding process, since it 
produces surtaces of unique properties Cons 


quently an effort has been made to remove its 


worst shortcoming, namely, the long time 1! 


quired. Successful work Cont, on page o% 
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TOUGH MACHINE 


copper brazed in 


electric furnace 


Y USE of the modern process of brazing 


with copper in an electric furnace with 





controlled atmosphere, the Union Special 
Machine Co. of Chicago, manufacturers of sewing 
machines for the needle trades, has been able to 
make high-quality parts having greater strength 
and longer life, though costing less, than those 
made by former methods of fabricating, such as 
riveting, pinning, torch brazing, and machining 
from solid bar stock. 

Because of the high speeds at which these 
sewing machines run, the parts are subjected to 
very severe alternating stresses. Speeds of 4000 
and 4500 r.p.m. (that is, 4000 and 4500 stitches 
per min.) are not uncommon! In fact, one of 
the machines recently introduced is the fastest 
known; it makes 6000 stitches per min., or 100 
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2-ARTS 


per sec. Under such severe conditions riveted, 
pinned, and torch-brazed parts would work loose 
in service, mainly because of the imposed vibra- 
tions. However, the new process has overcome 
this difliculty and is producing assemblies which 
are strong and durable and are highly resistant 
to vibration and alternating stresses. 

The illustration above shows some of the as- 
semblies which are now being brazed in an elec- 
tric furnace by the Union Special Machine Co. 
A is a tension release, formerly made by riveting 
four steel bars into a long, flat stamping. AIl- 
though this was an inexpensive method of fabri- 
cating the assembly, continual vibration caused 
the riveted joints to work loose. Such occur- 
rences and the shutdown for replacement re- 
sulted in loss of time and money. This difficulty 
and expense has been entirely overcome since 
the new brazing process has been used to fabri- 
cate these assemblies, because of the high strength 


it imparts to the joints. 
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The process may conveniently be described 
by describing the method of preparing this ten- 
sion release A for electric furnace brazing. Other 
more simple, and even much more complicated 
parts, would be treated similarly. 

The bars are riveted to the stamping, as 
was previously done, but merely in order to hold 
them firmly in their proper positions during 
fabrication. Then a paste containing copper 
powder is daubed about the joints, and a number 
of the assemblies are placed on a light-weight 
alloy tray. This completes the preliminaries. 

The tray is then placed in the box-type elec- 
tric furnace with controlled atmosphere shown 
overleaf, and is allowed to come to temperature 
(2100° F.). As the temperature of the cold assem- 
blies increases, hydrogen and carbon monox- 
ide in the controlled atmosphere react with any 
scale, rust, grease, or paint vehicle which may be 
present on the surface of the steel, and by the 
time the melting point of the copper powder is 
reached (1975° F.) an absolutely clean, scale-free 
surface is ready. In this manner the reducing at- 
mosphere takes the place of the flux ordinarily 
used in a welding, brazing, or soldering opera- 
tion, only far more efficiently. 

At 2100° F. 
flows into the joints by the aid of capillary at- 


the copper becomes very fluid, 


traction, and alloys with the surface of the steel. 
he tray is then pushed into an ad- 
joining water-jacketed cooling cham- 
ber in which a controlled atmosphere 
is also maintained and in which the 
allovs solidify and form a strong bond. 
Chis bond is much stronger than pure 
copper; tests show that it frequently 
approaches the strength of steel. When 
the trays are removed from the cool- 
ing chamber, the parts have clear, 
bright surfaces and are ready for in- 
stallation into the sewing machines 
without any further cleaning or pick- 
ling operations (which fact frequently 
realizes additional savings). 

Bevel gears, identified as parts B, 
G, H, and I, are made for the various 
drives in the sewing machines. For- 
merly they were cut from solid bar 
stock with the production of a large 


percentage of turnings, but now the 





H. E. Scarbrough 


tuthor of this article is a specialist 


time and material consumed in the machining 
operations, the new method of fabricating ob 
viously effects a substantial saving. 

Other assemblies which were formerly ma 
chined from solid bar stock are the main drive 
shafts, parts C, D, E. and F. 


these shafts had been turned down, the flanges 


Formerly, when 


at the ends were milled to the proper shape. 
Now, the shafts and cams are made of the most 
economical stock and simply copper-brazed in 
the electric furnace. By eliminating certain ma- 
chine operations this saves considerable money 
and, in addition, speeds up production. The as 
sembly is interesting: 

Ihe end of the shaft is turned down for a 
short distance and is pressed into a tight hole in 
the flange or cam. A ring of copper wire is then 
slipped over the shaft, up to the joint. Despite 
the fact that the two parts have a pressed fit, the 
molten copper penetrates completely. F and M 
are cross-sections of these assemblies, after braz 
ing. The pieces have been so completely united 
that the copper-brazed joints, after the sections 
have been cut and polished, are barely visible to 
the naked eve, and cannot be photographed ex 
cept after polishing and etching 

L, P, and J are parts known as “pressure 
feet.” The stud-like bearings, used for mounting 
the pressure feet on the machines, were formerly 


brazed in position by 


hand with a torch This 
method, besides being 


tedious, did not give unl 
form results: rejections 
were numerous. Clean 
ing after torch brazing 
was also a source of ex 
pense, and further losses 
in time and money re 
sulted from failures in 
service. Now, since these 
assemblies have been 
fabricated by the mode rh 
process, they are unl 
formly strong, clean, and 
bright; their life has been 
materially increased and 
notable savings have 
been made in both time 


and monev through com 


small gears are made of short lengths in industrial heating for General plete elimination of fail 
of thick-walled seamless tubing, Electri and a member of ures in service 


pressed onto smaller tube for the 
brazed. 
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Society for Metals, Chi 
‘ cago Chapter. He has been with 
hollow shafts, and electric furnace G.E. Co. 


{merican 


ever since his graduation 


By eliminating much of the from Georgia School of Technology 


assembly, 


Another 


brazed in th electri 


furnace is the feed link, 
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which consists of a 


part N, 


small forging with a _ pin 
pressed and brazed into one 
end. In service, these pins now 
stay in place indefinitely. 

he pressure bar, part A, is 
interesting in that it was given 
a severe test before being 
photographed. The bar was 
clamped in a vise, and the pin, 
which had been electric fur- 


nace brazed into the end, was 


twisted through an angle of 
about 90°. All the twist oc- 


curred in the pin no notice- 
able effect could be observed 
at the joint. 

As in all other types of 
alioys 


joints made by metal 


(and it is even true of glued 
joints), the closer the original 
pieces are placed together and 
the thinner the filling mate- 
rial, the stronger is the union. 
Copper will penetrate riveted 
least 


surfaces in contact at 


four inches. 


The box type of furnace used for these cop- 
per brazing applications was built by General 
Electric Co. for continuous services up to 2100 





tufomatic 


Electric Co. Which Mixes City and 
Natural Gas and Converts Them In- 
to a Reducing Atmosphere by Par 
tial Combustion (200 cu.ft. per hr. 





Device Made by General 





IF. It is provided with refrac- 
tory hearth plates and heavy 
ribbon resistors wound in short 
loops. Resistors hang on re- 
fractory hangers and spacers; 
the furnace also has a refrac- 
tory door between the heating 
Thick 


and eflicient insulation makes 


and cooling chambers. 


for economical operation; the 
electrical rating is 20 k.w. The 
door opening is 12 in. wide and 
6 in. high. One tray 11% in. 
wide and 22 in. long, can be ac- 
commodated in the heating 
chamber; two such trays fill 
the long cooling chamber. 
Gas for the atmosphere in 
the furnace is supplied from a 
combustion type of controller 
for furnace atmospheres. In 
this machine, a mixture of city 
natural gas is re- 
partial 


gas and 
formed with air, by 
combustion, to produce an in- 
expensive mixture of gases suit- 
able for electric furnace braz- 


ing, bright annealing, or scale-free hardening. 
As shown in the view at the left, it is a compact, 


self-contained unit. 





Operator Pushing a Tray of Completed Parts From the Heating Chamber Into the Cooling Chamber. 


(The cooling chamber 
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the rectangular box extending from 


the rear of the furnace 
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Wels SPURT 


THE value of a nation-wide telephone service, under 
one unified system, is reflected in the day-by-day 
efficiency of your own telephone. It is given 
dramatic emphasis by an emergency. 

Several vears ago, the worst sleet storm in tele- 
phone history swept north from Texas almost to the 
Great Lakes and ravaged a section 150 miles wide. 
Thousands of telephone poles were broken. Thou- 
sands of miles of telephone wire were snapped by 
the weight of clinging sleet. Telephone communica- 
tion throughout the country was affected by this gap 
in the Middle West. 

To restore the service quickly was bevond the 


Had they 


power ol the local telephone companies. 





SAR VCs 


OF 
Instead, the full resources of the Bell System 
were thrown into the breach. From the Southwest, 
from New York, Pennsylvania, Ohio and the North- 
west, the repair trucks started rolling into the 
stricken area. 

way, the ware- 


started 


Even while men were on their 
houses ol the Western Electric 


shipments of tools, wire. poles, cross-arms and othe 


( ompany 


needed equipment, It was only because of standard 


ized material and standardized methods that the 
emergency Was met and service quickly restored. 
as vou know it todav wo id 


unified Bell Systen 


Telephone service 


he impossible without the 





been forced to tackle the job alone it would have set S ( 
taken months and imposed a heavy financial burden. s 
B BELL TELEPHONE SYSTEM 
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(Pp 
Senate nal Terformance 


© es in the NEW 


TAG 


Indi ‘ating 
Potentiometer Controller 





Unequalled: 
Aecuracy of Control 
Simplicity of Construction 


Visibility of Indication 


Kxelusive Features: 


Instantaneous action at control point. 
@ No motor. 
Highest sensitivity. 
Accuracy of control clearly visible at a 
great distance. 
¢ No metal pointer, a beam of light instead. 
¢ Galvanometer free 100% of the time. 
¢ Indicating line of light shows red when the 
temperature is above the control point. 


¢ Calibrated accuracy 0.1% of full seale. 


\ typical performance: Electric Heat Treating Fur- 
nace at 1450° F. Bare No. 8 gage couple. Control 


Ll’ F. “on-off — (All on All off! Not “two position”.) 
Over-shooting at its ultimate minimum. 


The ideal Controller not only for industrial use, but 
for laboratories also. Do you want control to 0.1°, 
Ol’, .OO18? . 2... Ask us about this. 








C.J. TAGLIABUE MFG. CO. 


Park and Nostrand Avenues Brooklyn. New York 
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The twin chamber alloy billet heating furnace in the 
Dunkirk, N. Y. Plant of Ludlum Steel Company. 


RECUPERATOR 
SAVES FUEL 


at the 
Ludlum Steel Company 


HERE ARE THE FACTS: 

\' the plant of Ludlum Steel Company, Dunkirk, N.Y., 
LX The Carborundum Company's Recuperators not 
only effect material fuel savings but also give closer 
control of temperature — faster heating — improved 


furnace atmosphere. 


They operate a twin chamber alloy steel billet heat- 
ing furnace. Both chambers are equipped with a re- 
cuperator, each using twenty-four tubes of “Carbofrax,” 
the Carborundum Brand Silicon Carbide Refractory. 


Air for combustion is preheated to 800° F. with the 
results noted above. The recuperators replace stack 
bases without requiring additional floor space. 


The results are due to the use of the “Carbofrax” 
tubes —their extremely high heat conductivity — their 
long life— plus the perfected design of The Carborun- 
dum Company's Recuperator. 


Complete engineering data giving detatls regardu 


of the recuperators to vartous types of furnaces sent 


THE CARBORUNDUM COMPANY'S 


RECUPERATOR 


Saves Fuel and Improves Combustion Conditions 





{ Product of THE CARBORUNDUM COMPANY Perth Amboy, N. J. 


REFRACTORY DIVISION 
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@ With government specifications calling for a 
strictly Class 1 job on the pipes for Norris Dam, 
the Chicago Bridge and Iron Works faced a prob- 


lem of field-welding 20-ft. diameter tubes, and of 
' 


inspecting these welds radiographically “on loca 
tion.” The illustrations show how they solved 
their inspection problem with the aid of General 
Electric mobile shock-proof x-ray equipment. 

A high-voltage Coolidge x-ray tube, sealed in 
oil within a shock-proof casing, is swivel-mounted 
on a 10-ft. steel tower. This tower is positioned 
adjacent to each circumferential seam, which is 
then radiographed by rotating the x-ray tube to 
direct the rays through successive segments of 
the circular wall. Thus, with the x-ray tube cen 
tered 10 feet from the wall, a standardized tech- 

jue has been established which enables the oper 
ator to make his “shots” in a thoroughly practical 
manner, rapidly and with unvarying precision 


It is interesting to note that, while this x-ray 


equipment is doing a specialized job, there is 
nothing special about its construction except the 
tube tower and the extra-length armored high 
voltage cables connecting x-ray tube and control 
unit. It is not an experimental outfit full of “bugs” 
and “wrinkles,” but a standard item of the G-E 
line, the KXC-3 Industrial X-Ray Unit, adapted 
to a particular duty. In other words, it is a well- 


1.7 
| 
i 


tried and dependable inspection tool— powerful, 


rugged, weather-proof, altitude-proof and shock- 
proof! 

Are you passing up profitable bids on Class 1 
pressure vessels because you lack x-ray facilities? 
Or have you casting, forging, rolling or assembly 
problems that the x-ray can solve? General Electric 
builds standardized equipment for every conceiv- 
able industrial application and maintains a staff of 
laboratory and field specialists whose advice is 
yours for the asking and without obligation 


Address Industrial Division 





we 


cooe 





GENERAL ELECTRIC 36) X-RAY CORPORATION 


2012 JACKSON BLVD. 


Branches in Principal Cities 


CHICAGO, ILLINOIS 
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Cuts Forge Furnace 


Fuel Costs 84% 
Production Increased 55% 


$561.00 Saved 
in Fuel Costs of 


Tool Heating Furnace 


50% Increase in 
Production from 
Same Amount of Fuel 


HERE IS A NEW 
SOURCE OF 
SAVINGS 
for 


Savings as substantial as those summarized above can 
be effected in your industrial-furnace operating costs 

. and simply by replacing firebrick linings with those 
constructed of Babcock & Wilcox Insulating Firebrick. 

Both B&W K-26 and K-30 Insulating Firebrick (for 
temperatures up to 2600 and 3000 deg. fahr. respec 
tively), not only possess the many advantages of highly 
efficient insulators but, due to their high fusion points, 
freedom from shrinkage, and inherent ability to sup 


port loads, may be used as the furnace structure directly 


BABCOCK 


exposed to heat 


NAME 
COMPANY 
STREET 


CITY AND STATE 
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25 Minutes to Heat 
20 Minutes to Cool 
Cyanide Pot Furnace 





THE BABCOCK & WILCOX COMPANY 


These Savings, secured by a nationally-known farm implement 
manufacturer through the installation of B&W Insulating Firebrick 
ina gas-fired forge furnace, are typical of the unusual reductions 


in operating costs that may be effected in furnaces of this type 


By Saving 160 minutes of time and 1217 cu. ft. of 
gas during each heating-up period of a tool-heating 
furnace, B&W Insulating Firebrick saved, for @ pro- 


gressive drill manufacturer, $561 00 annually, as 
well as 800 hours or one hundred working days! 


That B&W Insulating Firebrick will 
reduce operating costs, too, when 
installed in oil-fired furnaces is evi- 
denced by these Savings, secured 


in a continuous heating furnace 


One furnace, lined 
with B&W Insulating 
Firebrick, now does 
the work of two, states 


a western steel treater 


n time and fuel, and the atten 


suffi 


The resultant savings 
dant increases in production are ent to justify 
thorough investigation of this material. 

Write for a copy of Service Reports even the 
briefest examination of these actual records of savings 
secured by B&W Insulating Firebrick in practically every 
type of furnace will not only prove the adaptability of 


this furnace to your conditions, but will indicate the 


amount of savings you, too 


Fill out and mail the 


, may secure 
convenient coup 


. there is no obligation or cost 


copy of these reports. 


& WILCOX 
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{ Battery of Rotaries 


’ ’ ° 8 

Gas Carburizing 
This method of case hardening is receiving 
more and more attention because of its 
many advantages. The process has been 
employed most successfully in American 
Rotary and Vertical Retort Carburizers. It 
was invented by our President. Our ex- 


perience is at your command. 


. ° 

Clean Hardening and 

A ae li 

Annea In? 
And these same Rotaries and Verticals may 
be used for clean hardening, annealing, ete. 
The work is heated in a retort. Any de- 
sired atmosphere can be carried in this re- 
tort. It follows, therefore, that the work 
can be heat treated without scaling or de- 
carburization. Special provision may be 
made for discharging according to the exact 
nature of the work and kind of equipment. 
Labor is a minimum. Results are uniform. 


Cost is extremely low. 


Nitriding 
 w) 
By using special gas in the retort as, for ex- 
ample, ammonia, work may be nitrided. 


Combinations of gases may be employed 


for special treatments such as our “ Ni-Carb- 


Case. 


Write for Complete Information 


AMERICAN GAS 
FURNACE COMPANY 


ELIZABETH, NEW JERSEY 





NITRIDING 




















) 


(Cont, from page 43) done in the Research 
Institute for Aircraft Metals under Professor 
Akimov’s direction may therefore be of interest. 

We worked on two steels, each containing 
about 0.25°¢ carbon, 1.505) chromium, 040° 
molybdenum, 0.50% manganese and 0.50‘, sili- 
con, One however, had 0.70% aluminum whereas 
the other had 0.20°7 vanadium. About 50 hr. at 
950° F. was required to get a case 0.016 to 0.020 
in. thick on these steels, and only about 25‘. of 
the ammonia was dissociated. If the time is 
shorter the case is too thin. If the temperature 
is raised, the depth increases but the case be- 
comes brittle. 

Our first experiments consisted of a two- 
stage heat starting with 930° F. for a certain time 
and then raising it for a period to 1100° F. in one 
series, and to 1200° F. in another, and then slowly 
cooling in the furnace. Either program consid- 
erably increased the depth of case in the alumi 
num steel without reducing the surface hardness, 
but the outer laver was embrittled (as judged by 
the appearance of the impression in the Vickers 
hardness test and by compressing small cylin 
ders). Reversing the evele (first high tempera 
ture, then a soak at 930° F.) gives the same 
improvement in depth of case, but the surface 
hardness is too low. 

The vanadium steel (aluminum free) was 
unsatisfactory in either program. 

Acting on the assumption that the concen 
tration of nitrogen at the surface and its speed 
of inward diffusion are roughly proportional to 
the temperature we tried a three-stage process 
In the first stage the temperature of 930° F. was 
indicated as determining the extent of nitride 
dispersion. In the second stage at 11000 or 1200 
Fr. a high nitrogen content was built up at the 
surface, and the speed of diffusion inward was 
accelerated. In the third stage at 930° F. the rat 
of saturation of the outer lavers with nitrogen ts 
slower than the rate of diffusion, and thus re 
duces the concentration gradient and the brittle 
ness of the surface. 

Parts are being nitrided commercially by this 
process in one-half to one-third the time required 
at 900° F.. and 65 to 70% of the ammonia is dis 
sociated. There is a more gradual decrease in 
hardness from the surface to the core, and the 
surface itself is not brittle. 

J. KE. Konrorovicu 


METAL PROGRESS 


How Union Special Machine Co. 
Cut Production Costs and 


| Improved These Parts 


with 
G-E Electric-Furnace Brazing 


HE Union Spec ial Ma- 
chine Co., Chicago. maker 


of industrial sewing machines, 








cut production costs and im- 


When this tension release 
proved parts like those at the was riveted, service costs 
were high because vibra- 
tion worked the joints 
loose. Now electric-furnace 
brazed. Results: lower 


right with G-E electric-fur- 


nace brazing. Formerly these 


parts were riveted, pinned, service costs and strong, 
ductile, vibration-resisting 
torch-brazed, or machined joints 


from solid stock. Service ¢« osts, 


however, were high. The vi- 





bration caused by the high RS 


. * 
This bevel gear was form- 





operating speeds of these machines (5000 to 6000 stitches per minute) often 


worked the fabricated parts loose. erly cut from solid ber 
stock. Now small gears 

(-b. electric-furnace brazing has given these and other sewing-machine parts, are simply pressed on the 
; , ; . shaft and electric-furnace 
joints that are strong, ductile, and have great resistance to vibration. Production brased. Results: Gime and 
= aoe : lie ; , a siniiein money saved by reducing 

and service costs have been lowered, and customer satisfaction increased. Scambialnn and mavdilll 


costs 


Electric-furnace brazing is simple and economical. Brazing metal, in the form of 
wire or paste, is applied to the parts during assembly. A G-E controlled-atmos- 
phere electric furnace does the rest. It brazes clean, neat-appearing assemblies, 
producing joints that are uniformly strong, tight, and ductile. The coupon below 
will bring you complete information. 


The Union Special Ma- 
chine Co. formerly ma- 
| chined this main shaft 


TRI (shown ‘4 size) from solid 
bar stock. Flanged end 

now electric-furnace 

brazed, saving time and 


money by eliminating 
much machine work 


SEND FOR COMPLETE INFORMATION 
General Electric, Dept. 6A-201, Sy 
Schenectady, N. Y. a 


PHERE ELECTRIC FURNACES CEA-1924), which will give me more in 





Bearing formerly torch 
brazed to this “pressure 
foot."" Now electric-fur 
Name nace brazed, saving money 
by decreasing rejects, 
eliminating cleaning oper 
ations, and making assem 
blies that are uniformly 
strong 


formation on mene y-saving G-E clectric-furnace brazing 


‘ om pany 





New booklet contains a wealth of tddress 
useful information on control 


led-atmosphere electric furnaces 
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CHAR Toon STEELS 


CARBURIZERS 


By James P. Gill 
Chief Metallurgist 
Vanadium-Alloys Steel Co. 


The Latest Addition to 


THE 
, A.S. M. Metal Library 








Up-To-Date and Compre- 
hensive Description of Ameri- 
can Tool Steels—Carbon Tool 
Steels, Die Steels, Fast Finish- 


ing Steels, High Speed Steels. 














Cloth Bound, $2.50 


PURE COAL TAR Paper Bound, ys 


CARBON 


CHAR PRODUCTS COMPANY 


MERCHANTS BANK BUILDING INDIANAPOLIS 


PYRO oviicainicnere 





American Society for Metals 
7016 Euelid Ave. Cleveland, Ohio 























The only self-contained, di- 


rect reading, rugged and 





fool-proof instrument for 
steel plants and foundries 


T r Ty 
Unique construction enables operator to W I T H () } | 


rapidly determine temperature even on 


minute spots fast moving objects, or - - 
Smallest streams; no correction charts, no t | T Y 
accessories, no maintenance expense Spe- I J t A 4 

cial “FOUNDRY TYPE" has, in addition 


to its standard calibrated range, a red cor- ‘ ryiyry T 
rection scale determining TRUE SPOUT C( yM PE I I | ION 
and POURING TEMPERATURES of molten aed 


iron and steel when measured in the open 


Ory ‘ ST 
PYRO OPTICAL is NOW available in a OLDEST and LARGES I 
NEW TYPE with THREE SEPARATE, DI- 4 T a ITT 
RECT READING SCALES—the ideal in- EXCLUSIVE MANU- 


strument for universal steel mill uses, open . .r . 4 . 
hearths, soaking pits, rolling mills, lab FAC PURER OF HEAT 


2 yam AND CORROSION RE- 
For curved or flat, stationary or moving S I S TA N T A L LO Y 
SURFACE temperatures we recommend our ¥ ™~ 
CASTINGS 

= aon , . 
Improved PYRO Surface Pyrometer GENERAL ALLOYS CO. 


ASK FOR SPECIAL BULLETIN NO BOSTON e CHA MPAIGN 


The Pyrometer Instrument Co, | 


(rant Building, Pitteburgh, Pennsylvania 
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LEITZ 
MICRO-METALLOGRAPH 








Received “GRAND PRIX” at the International Foundry and Steel ! xposition, Paris 











RESOLVING POWER PLUS 
DARKFIELD ILLUMINATION 
POLARIZED LIGHT : 


Modern Microscopical Analysis has extended far beyond the revel- 
ation of minute detail. High resolving power alone may often fail 
to accomplish the analysis under the microscope; for instance, 
when it is necessary toidentify materials which cannot be recognized 
because of their shape but rather because of their optical character- 
istics. ... @ Greatest Versatility of the illumination methods such 
as darkfield illumination or polarized light are indispensible for 
modern microscopical analysis of metals. The Leitz Micro-Metal- 
lograph, an instrument of greatest versatility and unexcelled work- 


manship, offers all these facilities. 


Literature Upon Request 


EK. LEITZ, ie. 


Dept. 658 60 East 10th Street New York City 


us Branches: Washington, D. C., Chicago, Ill, Los Angeles, Calif., San Francisco, Calif. 
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Columbia 


eye) 


CLARITE 
High Speed Steel 


SUPERDIE 
High Carbon, High Chromium 


OILDIE 
Oil Hardening, Non-Deforming 


BUSTER BRAND 
Alloy Punch and Chisel Steel 


SPECIAL 
Carbon Tool Steel 





















COLUMBIA TOOL STEEL COMPANY 


FF E A 


500 E 14TH STREET CHICAGO HEIGHTS. ILLINOIS 


ae 


PROBLEMS in HARDNESS TESTING 


Our Bulletins Tell How 








Solved at Minimum Cost. 


For 100% portable hardness testing for metals the 
SCLEROSCOPE is used the world over, described in our 
bulletins S-22 and S-30. 

For testing rubber our bulletins R-4 and R-5 

For testing the Qualitative and Quantitative hardness 
under the static method of all known materials including 
dead soft or superhard metals, sub-surface testing, etc., 
send for bulletins M-3, M-6 and M-7 descriptive of the 
MONOTRON, now in general use 





4 selection from this line will definitely meet with your requirements 

















THE SHORE INSTRUMENT & MFG. CO. 
Van Wyck Ave. & Carll St. Jamaica, New York, N, Y. 
—_ i 
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ARTICLES WORTH READING 





Year-End Reviews 


Progress in Iron & Steel Industry, A Series of Re- 
views Covering Various Branches, Mining & Metallurgy, 
Jan., p. 37. 

Non-Ferrous Metallurgy, A Series of Reviews; Min- 
ing & Metallurgy, Jan. p. 51... . Review of the 
Rare Metals, P. M. Tyler, Mining & Metallurgy, Jan., 
p. Y. 

Past, Present and Future of Cast Iron, W. R. Jen- 
nings, Iron Age, Nov. 15, p. 15. 

Modern Developments in Welding, D. S. Jacobus, 
Western Machinery & Steel World, Nov., p. 334. 

Enameling and Lacquering, H. R. Simonds, Iron 
Age, Oct. 25, p. 19. 

Engineering Progress in 1934, A Series of Reviews 
of Various Branches of Metallurgy, Steel, Jan. 7, p. 
148 ... . Automotive Advances in 1935 Models, A. 
M. Wolf, S.A.E. Journal, Jan., p. 1 We Survey 
the Results of Engineering Activity, Product Engineer 
ing, Nov., p. 402. 


Primary Manufacture 


Indiana Harbor Plant of Youngstown Sheet & Tube 
Co., Charles Longenecker, Blast Furnace & Steel Plant, 
Jan., p. 46. 

Sponge Iron and the Properties of the Direct Steel 
Made From It, R. S. Dean, A.I.M.E. Tech. Pub. 592, 
Metals Technology, Jan. Manufacture of Tool 
Steel, J. H. Hruska, Heat Treating and Forging, Nov.., 
p. 938 . . . . Evolution of CO From Liquid Steel, P. 
Herasymenko, Transactions, American Foundrymen’s 
Asso., Dec., p. 21. 

Conveyor System for Strip Mills, M. J. Anderson, 
Iron Age, Jan. 17, p. 27. 

Smelting Lead in Blast Furnaces; (a) Sintering 
the Charge, (b) Charging the Furnace, G. L. Oldright 
and Virgil Miller, Report of Investigations No. 3243 and 
3246 respectively, U. S. Bureau of Mines ... . Manu 
facture of Sheet Lead, Wire, Jan., p. 24... . Reduce 
tion of Zine Ores by Natural Gas, H. A. Doerner; Re 
covery of Zine From Ferrites Formed in Electrolytic 
Process, G. L. Oldright; Research Investigation 3256, 
UL. S. Bureau of Mines. 


Heat Treatment & Fabrication 


Time Required to Heat Steels, J. D. Keller, Heat 
Treating & Forging, Dec., p. 586 Precision Use 
of Heat, E. R. Henck, Industrial Gas, Nov., p. 16 
Immersion Heating With Gas Fuel, E. B. Dunkak, In 
dustrial Gas, Nov., p. 17. 

Fundamentals of Commercial Heat Treatment, A. 
J. Dornblatt, Heat Treating & Forging, Dec., p. 593 

Heat Treatment of Precision Springs, B. W. Gelb, 
Industrial Gas, Jan., p. 22... . .Heat Treatment of 
Springs, J. B. Nealey, Steel, Dec. 31, p. 16. 

Metallurgical Applications of Activated Alumina, 
Charles Hardy, Mining & Metallurgy, Nov., p. 448. 

Electrogalvanized Wire, Steel, Dec. 24, p. 22... . 
Sales Appeal of Hot-Dip Zinc Coatings, W. G. Imhoff, 
Iron Age, Nov. 22, p. 10 ‘ Some Practical Finish 
ing Problems, H. R. Simonds, Iron Age, Noy. 22, p. 19. 

Layout of Enameling Equipment, S. M. Stoler, 
American Enameler, Jan., p. 5. 

Texture and Chemical Resistance, C. H. Desch, 
Chemical Age, Nov. 3, p. 397 . Chromium Plating 
Metheds, W. A. Koehler, Metal Cleaning & Finishing, 
Dec., p. 613 Correct Spray Coating Practice, 


P. W. Collins, Metal Cleaning & Finishing, Dec., p. 617. 
Manufacture of “Turret-Top,” Iron Age, Jan. 17, 
p. 15 . . . . Preventing Breakage in Drawn Shells, 


(Continued on page 58) 
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without elaborate treatment 


HERE'S a steel that has been 
called “fool-proof” from a heat-treating 
standpoint. It can be brought to the 
desired tensile strength by a simple 
quenching and drawing treatment. 
Illinois’ S. A. E. 6150 is uniform in 
grain structure and has high resistance 
to shock. It is readily forged and can be 


machined to a fine finish. It is subject to 
only slight distortion under oil harden- 
ing and hence is useful for parts which 


must be heat treated after machining. 


Illinois Steel Company will be glad to fur- 
nish further information on this or other 
alloy steels—or toconsult with you regard- 


ing applications to your specific needs. 


ILLINOIS STEEL COMPANY 


208 SOUTH tA SALLE STRBEET, CHECAGCO, tLLINOITS 


: f? ( {2 The, Ae sf: 
United Stales Steel Ccyteniltin. bib uiluany 





DFEFPEFNT ABLE 
A” bt £b 4 4D ee a he 






STEELS 


57 








ARTICLES WORTH READING 





Fabricating Stainless 5. 
Journal, American Welding Society, Dec., p. 28. 
Cold Swaging of Steel Wedges, Western Machinery 
a OVERHEAD & Steel World, Jan., p. 5. 
Large Bearing Shrunk in Place by Refrigerants 
\. W. Brown, Steel, Jan. 14, p. 22. 


, I C. W. Hinman, Canadian Machinery, Oct., p. 13 . . . 
> se e Some Fundamentals of Dies and Stampings, Jerry 
¥ Bingham, S.A.E. Journal, Jan., p. 15. 
) Clad Steel, W. B. Keelor 
a 


Foundry Products 
VERTICAL Cupola Forehearths and Their Operation, G. §S 
Evans, Transactions, American Foundrymen’s Asso. 
Dec. p. 1 . . . . High Silicon, High Phosphorus Cast 
Iron, Low in Carbon, for Boiler Sections, G. Sirovich 
Transactions, American Foundrymen’s Asso., Dec., p 
71 . . . . Molybdenum in Gray Iron, C. M. Loeb 
Foundry, Jan., p. 24. 

Causes of Porosity in Steel Castings, R. A. Bull 
Foundry, Jan., p. 19 és Inhomogeneities in the 
Ferrite of Malleable Iron, H. A. Schwartz, Transactions 
American Foundrymen’s Asso., Dec., p. 94. 

Melting Control in Non-Ferrous Foundry, N. K. B 





WELDING 
CONDITIONS 





in mild rolled steel, you can procure Patch, Foundry, Jan., p. 22... . . Stability of Alu 
higher quality welds at faster speed and lower cost with minum Alloy Castings at Elevated Temperatures, R. R 
“Fleetweld” electrodes. Heavily coated for shielded are Kennedy, Transactions, American Foundrymen’s Asso., 
welding they allow none of the injurious elements of Dec., p. 4 Piston Temperatures in High Spec 
Ys, : bi th t ld k Gas Engines, H. W. Baker, Journal, British Institutio 
the air to combine with the wel meta to weaken or of Automobile Engineers, Jan., p. 47. 
embrittle it. The physical characteristics of the weld 
metal produced by each “Fleetweld” electrode are , 

, Welding 


equal to or greater than those of mild rolled steel. 
Qualifying Operators of Welding Equipment, E. D 


mu ~ ao 7 ‘ .: . eee 
FLEETWELD 5” welds in all positions produ ing Debes, American Welding Society Journal, Oct., p. 13 


weld metal with tensile strength of 65,000-75,000 Ibs. per Metallurgical Effects Produced in Steel by Fusio: 
sq. in. ductility of 20°%-30% elongation in 2”; impact Welding, A. B. Kinzel, A.I.M.E. Tech. Pub. 597, Metals 
resistance of 30-70 ft. Ibs. (Izod); fatigue resistance of here = PES A, : vs. D. 7 Welding, on K. 
28,000-32,000 Ibs. per sq. in.; densi ' 7.84-7.86 grams ee Ween coeare ete DPS s+ 5 eae 
. Ib per sq. in di - ity of 7.84-7.86 g1 _ Bend Tests on Welds, F S. Mapes, American Welding 
er ¢. ¢.3 resistance to corrosion greater than mild Society Journal, Oct., p. 28 Measurements « 
steel. Welds can be flanged or bent cold, also forged. Residual Stress in Weldings, R. E. Jamieson, Journa 
sii -" American Welding Society, Dec., p. 17. 
““FLEETWELD 6” for flat position welding only. Welds A. S. M. E. Codes for Fusion Welding, D. S. Jac: 
more than meet A.S.M.E. Boiler Code, Class 1 require- bus, Boiler Maker & Plate Fabricator, Oct., p. 260 
ments. Welds have approximately 65,000 Ibs. per sq. in. Automatic Welding of Class I Pressure Vessels, 0 
tensile streneth: average ductility. 25%-35% elongation \. Tilton, Journal, American Welding Society, De« 
ak ene Bie ee ee eee os > a Preparation of Steel Plate Edges for Wel 
in< ,;impact resistance, 30-60 ft. lbs. (Izod); fatigue resist- ing, Otto Bondy, Welder, Sept., p. 290. 
ance, 28,000-32,000 Lbs. per sq-in.; density, 7.85-7.86 grams Welded Frame for 12-Room Residence, Steel, Ni 
per c. ¢.; resistance to corrosion greater than mild steel. 26, p. 40... . Pre-fabricated Welded Frame Pans 
Used in Dormitory, P. l. Baker, Steel, Oct. 29, p. 37 . 
““FLEETWELD 7” for all positions, especially for high . . Welding A Steel Frame for Residence, Iron Ag 


Dec. 27, p. 14. 


speed single pass welding, and where fit-up of work may a3. ; ; a 
: Spot Welding of Duralumin, N. F. Ward, Journa 


. Welds s ‘nsile streng - 70,000-80,000 a 
“ poss eld how te nsile tre ngth os iy 8 ” American Welding Society, Dec., p. 8 . . . . Weldi 
| Ss. per sq. In.; ductility, approximately 20% elongation Bronze Propellers with Electric Arc, Welder, Oct., | 
in 2°; impact resistance, 25-30 ft. lbs. (Izod); fatigue 333. 
resistance, 25.000-30.000 Ibs. per sq. in.: density, 7.80- Welding Refrigerator Evaporators of 18-8, E. | 
7.85 grams per ¢. c.; resistance to corrosion comparable Ross, Steel, Jan. 21, p. 22 . . . . Silver Soldering, | 
10 mild atee! H. Leach, Journal, American Welding Society, De: 
: p. 23... . Brazing Parts for Domestic Refrigerato! 
ree samples of “Fleetweld” electrodes are available. H. M. Webber, American Machinist, Jan. 16, p. 44. 


Requests for samples should specify ty pe of “Fleetweld” 
desired. Technical Matters 


W-11 
THE LINCOLN ELECTRIC COMPANY ton, ALME Tech, Pub. 588, ake Sechinaieon, te 
Solubility of Nitrogen in Liquid Iron, John Chi 


Welding Engineering Dept. Cleveland, Ohio 
9 8 9 P man, A.I.M.E. Tech. Pub. 591, Metals Technology, Ja 


Largest Manufacturers of Arc Welding Equipment in the World 
(Continued on page 62 
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RADIUM 


We rent Radium for industrial radiography. Radium offers many advan- 





tages as to its portability, ease of application and manipulation in the 
examination of castings, forgings, molds, weldings, and assemblies. Radium 
reveals the entire inner structure of a specimen. Use Radium when in 
doubt and be sure of the specimen. Booklet “Radium for Industrial Radiog- 


raphy” furnished without obligation. Write for Copy. 





RADON COMPANY, INC. 


Western Sales Representative 


RADIUM AND RADON CORPORATION 


Marshal! Field Annex Building 
Chicago, Illinois 




















THERMALLOY... Serves 
ALL INDUSTRIES 


{ Few Applications: 
Chemical and Met : Valves, Fittings, Mixers 
Rabble Arms 
Paint . - + + Lithopone Tubes 
Stoker - - <- - luveres, Chain Links, Retort« 


Steel Plant - Skid Bars, Rolling Mill Guide- 


Shafts, Dampers 


Enameling ia = & 6 © * Ss Racks, Bucks 





Cement . « . « . Chutes 


{lloy Pan Used in Chemical Plant 


Thermalloy 
me HEAT. CORROSION aa The Electro Alloys Co. 


Elyria, Ohio 


“QUALITY” Castings Since 1919 
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EVERY METAL SHOP SHOULD HAVE A 


BLAST CLEANING CABINET 








a 
! . 
> 
eis... 
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You can quickly and economically 
clean scale and dirt from all small 
heat treated parts with this manually operated Pangborn Blast 


Cleaning Cabinet. Other models for production requirements. 
Write for free Bulletins. 











PANGBORN CORPORATION 


HAGERSTOWN . fae MARYLAND 


—— 


Quenching of Steel 


. an answer to your problems 











By HERBERT J. FRENCH 
late of the Bureau of Standards, 
now with International Nickel 
i] Company. 


HIS book is a comprehensive discus- 

sion of cooling characteristics of var- 
ious cooling media (coolants). Cooling 
properties are given for both surface and 
center cooling of a given mass of steel. 
Data for center cooling are summarized 
graphically and in equations which per- 
mit computation of center characteristics 
of various sizes and shapes of steel. 


172 pages, 6 x 9, 105 illustra- 


tions ... bound in red cloth. 


sep 50 


Mail Your Order Today 














Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 
2 


Car type furnaces, Conveyor fur- 

naces, and the Stewart Gasifier 
° ° 

A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


FLEXIBLE SHAFT COMPANY, Ltd. 


349 Carlaw Ave., Toronto, Ontario, Canada 
Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 




















AMERICAN SOCIETY 
for METALS 
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Jessop s Sheffield Steels 
ELIMINATE 


Production Troubles 


pendadod t steels avoid 


5 
Ver € é Stly 
e f j = | | 
Jessop’s Sheffield Tool Steels are dependat 
r 
! 
ee; rl + fr ials 
o y pl F st is Insp 
n stag t sfactur 
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WM. JESSOP & SONS 


1774 N 1935 
RK Ty BOST N T R NT H A 


163 Hieh St. 59Frederick St. Monroe & Jefersor 








7016 Euclid Avenue Cleveland, Ohio 
I a nm 
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ELECTRIC FURNACES 





... 350,000 Ibs.... 


CARBURIZED 


IN TEN 
MONTHS 






Using the Vertical Retort Carburizer 


In a medium sized Hevi-Duty Vertical Retort Car- 
burizer—requiring no more than 20 square feet of 
floor space (53”’ overall diameter) in the plant of 
The Apex Electrical Mfg. Co., Cleveland, Ohio— 
350,000 pounds of quality parts were carburized 


in ten months time. 


In addition, annealing of a great quantity of parts 


was performed in this same furnace. 


These parts, for washing machines, ironers, vacuum 
cleaners, refrigerators, etc., were produced to the 
most rigid quality specifications, and with an econ- 
omy not possible to attain in the older types of 


carburizing equipment. 
lt will pay your company to investigate. 


TRADE MARK 


HEVIED-U--Y 


REG U.S. PAT. OFF 


HEAT TREATING FURNACES 


ELECTRIC EXCLUSIVELY 
q————)> 


DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 


HEVI 
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ARTICLES WORTH READING 





Influence of Diffusing Elements Upon the Alpha 
Gamma Inversion of Iron, W. D. Jones, Paper for 
British Iron & Steel Institute Dependence o 
Rate of Transformation of Austenite on Temperatures 
J. B. Austin, A.I.M.E. Tech. Pub. 590, Metals Technol 
ogy, Jan. 

Age Hardening of Copper-Nickel-Silicon 
B. W. Gonser, Metals & Alloys, Nov., p. 251. 

X-Ray Study of Cold-Rolled Single Crystals of Al 
pha Brass, C. H. Samans, A.I.M.E. Tech. Pub. No. 579 
Metals Technology, Oct. Influence of a Grail 
soundary on the Deformation of a Single Crystal of 
Zinc, R. F. Miller, A.I.M.E. Tech. Pub. No. 576, Metals 


Technology, Oct. 


Alloys 


Applications 


High Strength Sheet Steels, V. H. Lawrence, Stee! 
Jan. 21, p. 27 Iron for Enameling, N. H. Oakley 
Evans, Heat Treating & Forging, Dec., p. 600... 
Cellular Metal for Insulation, J. F. Shadgen, Iron Age, 
Jan. 17, p. 8... . Materials for Valves and Valve 
Guides, Robert Jardine, S. A. E. Journal, Jan., p. 24. 

Low Alloy Steels in New Railroad Equipment, G. 
N. Schramm, Paper for American Society of Mechan 
ical Engineers . . Light Weight Street Cars (Welded 
18-8), M. B. Butler, Journal, American Welding Society, 
Nov., p. 2 . The Burlington Zephyr, E. C. Ander 
son, Transactions American Society of Mechanical En 
gineers, Sept., p. 659 .. 46-Passenger Flying Boat 
for Pan-American Service, Aviation, Jan. 

New K.S. Permanent Magnet, Kotaro Honda, 
Science Reports of the Téhoku Imperial University, 
August, 1934, p. 365. . . Structure of Magnetic Mate- 
rials, W. C. Ellis, Metals and Alloys, Dec., p. 269 
Ferromagnetism in Metallic Crystals, L. W. McKeehan, 
\.I.M.E. Tech. Pub. No. 554, Metals Technology, August. 

Bright Metal for Houses in the Tropics, G. P 
Crowden, Engineering, Oct. 12, p. 395 . . . Selection 
of Materials for Valve Fittings, A. M. Houser, Steel 
Nov. 26, p. 32 Hydraulic Valves and Gates for 
Boulder Dam, P. A. Kinzie, Mechanical Engineering 
Oct., p. 593 Metals in Modern Bearings, H. B. 
Dexter, Machine Design, Dec., p. 15 Needk 
Bearings, Herbert Chase, Product Engineering, Dec 


p. 461. 
Pearlitic Alloy Steels for High Temperature Sery 
ices, A. E. White, Iron Age, Nov. 29, p. 14 . High 


Pressure Equipment for Hydrogenation Processes, A. 1 
Barber, Engineering, Nov. 23, p. 516,523 . . . . Metals 
Used by Paper Industry, J. D. Miller, Metals & Alloys 
Dec., p. 263 . . Materials of Chemical Engineering 
H. L. Maxwell, Chemical & Metallurgical Engineering 
Oct., p. 510, 549 . Applications of “Clad” Sheets 
\. F. Clark, Machine Design, Dec., p. 22. 

Metals and Alloys in Dentistry, O. E. Harder, Metals 
& Alloys, Nov., p. 236 . Steels for Die-Casting Dies 
Sam Tour, Heat Treating & Forging, Oct., p. 491 ' 
Future Research on Alloy Steels, J. H. Andrew, Meta! 
lurgia, Nov., p. 1. 

Ancient Iron from Mesopotamia, J. W. 
Iron Age, Jan. 10, p. 13. 

Directory of Materials for Chemical Engineerin: 
Equipment, Chemical & Metallurgical Engineering 
Oct., p. 549 Silver Equipment in Chemica 
Plants, I. C. Schoonover, Chemical & Metallurgical FE: 
gineering, Oct., p. 545. 

Steel Containers for LCL Freight, T. H. Gerke! 
Iron Age, Dec. 6, p. 45 Voting Machines, Stee 
Oct. 22, p. 29... . Cast Iron Test Pavement Lak 
E. W. Davis, Foundry, Nov., p. 32... . Sheet Stee 
Building Construction, Frank Main, Western Machi: 
ery & Steel World, Nov., p. 332. 
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ZEISS “NEOPHOT” METALLOGRAPH 


for 
8x10 
6% x 8 

5x7 


plate size 
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@ Unexcelled optics. @ Adequate stability. 

@ Exceptional simplicity and convenience of operation. 

@ Instantaneous change from bright field to dark field without 
disturbance of focus. 


@ Polarizing equipment, low power survey photography, macro- 
photography of large objects. 


A copy of descriptive catalog Micro 500 will be supplied upon request 


CARL ZEISS, Inc., 485 Fifth Ave. NEW YORK 


io. » Pacific Coast Branch: 728 South Hill Street, Los Angeles, Calif 
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Carburizing Containers..Furnace Parts / Chicago 
Heat-treating Containers .. Pyrometer Tubes Detroit 
/ Cleveland 
Made by /, England 
DRIVER-HARRIS COMPANY | = 
Harrison, New Jerse} f 
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Handling of hot compound during this oper- 
ation without creating a heat and dust nuisance 
is sometimes a problem. If parts are of large 
size (one to a container, or a few wired together) 
they can be hooked out and quenched, and the 
cover replaced. On the other hand, small parts 
are frequently carburized in compound which is 
to be discarded after the run. 

A mixture of parts to be quenched and hot 
compound to be reclaimed is best separated by 
dumping the pot on an inclined chute whose 
bottom is a fine grizzly or perforated plate. This 
chute reaches from the mouth of the furnace to 
the quenching tank. If both compound and parts 
are dumped on this chute, the compound passes 
through the openings and the parts slide down 
into the oil quench. In some instances this 
separation is further facilitated through the use 
of a vibrator. The compound is caught in a box 
or hopper underneath, and this may be promptly 
covered, or the hot material may discharge by 
gravity through a pipe into a covered tank. 

At times localized carburization is necessary 
and can be effected in various ways, the full de- 
tails of which are given in the last edition of 
National Metals Handbook. A very common and 
popular means used is to copper plate or chro- 
mium plate the areas which are desired soft. Our 
experience is that chromium is far superior to 
copper. At other times mechanical means Is re- 
sorted to, such as the use of studs and washers to 
insulate partially the bores of cylindrical parts; 
sheets of copper may cover the desired locations. 

Other methods used are the application of 
specially prepared pastes (which experience in 
general has indicated to be very frequently un- 
satisfactory) or the use of sand, which in days 
past was very popular. There is considerable ob- 
jection to sand, mainly due to the fact that it con- 
taminates the carburizing compounds and at the 
same time is a poor heat conductor. Likewise it 
is only suitable for parts of certain shapes, such 
as flats which can be buried partway in sand in 
the bottom of the box, or a stack of tube-shaped 
parts which can have their centers filled. 

Finally, the method frequently used is to al- 
low extra stock at the point where carburization 
in the final product is not desired, and after car- 


burization and slow cooling, machining off this 


>? 


excess, after which the parts can be hardened. 
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Types of steel to be used for hardening wil 
naturally vary with the requirements for satis 
factory service of the particular part involved 
However, it is appropriate to state that, in gen 
eral, carbon content below 0.15% would be de 
sirable as having high ductility and good shocl 
resisting qualities, but also having low cor 
Steels 


from 0.15 up to about 0.25% carbon would sacri 


strength and poor machining qualities. 


fice some ductility and shock resisting qualities 
but offer greater strength and hetter machining 
qualities. Further, it is well to say that for 
lower duties carbon steels are suitable, but for 
service where the duty is critical, alloy steels ar 
extensively used. Grain size control is now fre 
quently resorted to in carburizing grades of steel! 
It is found that the finer grain types, although 
offering slightly poorer machining qualities, mor 
than offset this disadvantage by making it possi 
ble in many instances to quench directly from th 
carburizing temperature, eliminating thereby all 
subsequent hardening treatments and producing 
in the finished condition a product quite often 
superior to that obtained with the coarser grain 
types given the double hardening treatment afte: 
the carburizing operation. 


Two Gas-Fired Furnaces for Carburizing in Rot 
tort. Furnace in background is in operating | 
furnace in foreground has open retort and 
dumping position. (Courtesy American Gas Furna 
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sitar Star Pace Only by machining a sample 
gf a c 


Bronz 






Rod does 
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can you appreciate this truly 


free-cuttin g 


Phosphor Bronze Rod 


ee Phosphor Bronze With rhe development of this rod —ar 





Rod is being used advantageously for exclusive Anaconda product—The Ameri 
bushings, bearings, gears and other screw can Brass Company's line of wrought 
machine products requiring the physical phosphor bronze alloys becomes all-inclu 
properties and color of Phosphor Bronze sive. We are prepared to help determine 
It can be machined at approximately the the grade and temper of Anaconda Phos 
same speeds as free-turning yellow brass, phor Bronze best suited to any individua 
and with a favorable tool life. Supplied. in requirement. Publication B-15,a new editio 
mill lengths of from 10 to 12 feet or longer just printed, contains further informatio 


Sample rod free on request A copy will be mailed 


THE AMERICAN BRASS COMPANY 
{ General Offices: Waterbury, Connecticut 


AN a ny ND: \ Offices and Agenctes in Principal Citt 


from AC to consumer 
Canadian Plas 


ANACONDA AMERICAN BRASS LTD., New Tore 


ANACONDA COPPER & BRASS 


65 


FEBRUARY, 1935 








HELPElt 


. LITERATURE 


Free for the Asking 


Recu perators 


Results obtained with Carborun 
dum Company’s recuperators using 
Carbofrax tubes are fuel savings, 
closer temperature control, faster 
heating, and improved furnace at 
mosphere. Complete engineering 
data regarding application to vari 
ous types of furnaces are given in 
Bulletin Fx-57. 


Phosphor Bronze 


American Brass Co. tells why 
\naconda “Special” phosphor 
bronze can be used advantageously 
for bushings, bearings, gears, and 
other screw machine products. It 
is a truly free-cutting alloy and does 
not foul cutting tools. Other prop 
erties are given in this new edition 
of their booklet. Bulletin Fx-89. 


Foundry Pyrometer 


A leaflet from Pyrometer Instru 
ment Co. briefly tells the advantages 
and operation of their Pyro Immet 
sion Pyrometer for foundry use. 
This compact, self-contained instru 
iment can be operated with one 
hand. Bulletin Fx-37. 


Photocell Pyrometers 


Recording potientiometers using 
a beam of light, a mirror galvanom 
eter, and a photo-electric cell give 
instantaneous control with high 
sensitivity and accuracy. The dif 
ferent varieties made by C. J. Tag 
libue Mfg. Co. are described in a 
16-page letter-size booklet. Bulletin 
x-62, 


Alloy Castings 


Compositions, properties, and 
uses of the high nickel-chromium 
castings made by The Electro Alloys 
Co. for heat, corrosion and abrasion 
resistance are concisely stated in a 
handy illustrated booklet. Bulletin 
x -32. 


Deoscillator 


Hlow you can Wipe oul bother 
some temperature lags at small ex 
pense is told by Foxboro Co. in a 
bulletin describing the Deoscillator, 
in auXiliary control unit which, 
when operated with the regular 
pyrometers, gives an anticipating 
effect to the control action. Bulle 
tin Jx-21. 


Pre-Heating Furnace 


General heat treating operations 
up to 1900° F., pre-heating of high 
speed steel, annealing and firing of 
glass are some of the applications 
listed in American Electric Furnace 
Co.’s folder on their new model 
B-20 furnace. Bulletin Jx-2 
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Neophot 


“Neophot” is the name of a new 
metallograph of radically new de 
sign and universal adaptability. Ob 
servation and photography at 50 to 
2000 & in bright field, dark field, 
and polarized light are’ possible 
with this instrument. A pamphlet 
distributed by Carl Zeiss, Inc., gives 
its applications and features and is 
well illustrated with beautiful sam 
ples of micrographic work. Bulle 
tin Jx-28. 


Dark Room Layout 


A novel card 9'x13 in. contain 
ing suggested arrangements for a 
photomicrographic dark room has 
been designed by Bausch & Lomb. 
Costs for installation are estimated, 
and on the reverse side are printed 
rules for using the dark room. Bul 
letin Jx-35. 


Radium Radiography 


Advantages of portability, ease of 
application and manipulation in 
examination of castings, forgings, 
molds, weldings, and assemblies are 
attributed to radium for industrial 
radiography. Details are given in 
al booklet issued by Radon Co. Bul 
letin Jx-56. 


Blast Cleaning 


\ centrifugal machine’ which 
cleans castings without the use of 
compressed air is the subject of 
Pangborn Corporation’s new folder. 
How and why 1800 Ib. of castings 
can be cleaned in 8 min. at low 
cost is told. Bulletin Jx-68. 
Hlectric Furnaces 

\ wealth of information on ccn 
trolled atmosphere electric furnaces 
is contained in General Electric 
Co.'s booklet by that name. De 
tailed data are given on electric 
brazing in particular. Bulletin 
Jx-60. 


Multiple Tables 


ren convenient and simple tables 
in this booklet by Timken Steel & 
lube enable the steel user to tell at 
a glance either how long his stock 
must be to furnish a definite num 
ber of multiples, or how many 
multiples can be cut from a given 
length of stock. Bulletin De-71. 


Carburizing Boxes 


Driver-Harris Co. devotes a folder 
to Nichrome cast carburizing boxes. 
Physical properties at room tem 
perature and under operating con 
ditions are given, as are the advan 
tages of Nichrome castings for such 
service. Bulletin Jr-19. 


bast-Culling Steel 


Bliss & Laughlin, Ine., offer ai 
interesting technical folder on UI 
tra-Cut Steel, giving performancy 
records of this high-speed screw 
stock on automatic screw machines 


Physical data and microstructure: 


are presented. Bulletin Ob-42. 
Hard Carbide 


An extremely interesting  litth 
booklet describes “the hardest ma 
terial ever produced by man fi 
commercial use.” This is boror 
carbide, and its manufacture, prop 
erties, and uses as an abrasive an: 
as a wear resisting material ar 
told by Norton Co. Bulletin De-&88 


Heat Resisting Alloys 


Authoritative information on al 
loy castings, especially the chr: 
mium-nickel and = straight chromi 
um alloys manufactured by Genera 
Alloys Co. to resist corrosion an: 
high temperatures, is contained i 
Bulletin D-17. 


New Hardening Method 


All three vital factors in correct 


hardening are completely col 
trolled by the new Vapocarb Hun 


method of hardening, which is well 


described in a Leeds & Northru 


bulletin. The three factors are 
Quench point, rate of heating, a1 
furnace atmosphere. Complete «i 


tails are given in Bulletin No-46. 


Aluminum Alloys 


Working facts on aluminum 
the properties and heat treatme 
of both cast and wrought alloys 
ire briefed for the manufacture! 
ind designer in a booklet by Alu 
minum Co. of America. An aj 


pendix gives tables of physica! 


properties, forms and sizes aval 
able. Bulletin De-54. 


Air for Furnaces 


Users of gas or oil-fired furnace 
know the necessity for a depen 
able source of large volumes of a 
at low pressures. A generously 
lustrated folder of Spencer Turbi 
Co. shows why their Turbo-Co 
pressors give unfailing, economk 
air service. Bulletin Mr-70. 


Sheffield Steels 


Wim. Jessop & Sons, Inc., have 
booklet which tells why a spec 
anneal and a proper balancing 
carbon, manganese and_tungst 
combine to make Sheffield Super! 
oil hardening steel non-distort! 
and easily machinable. Bullet 
Jn-61, 
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Molybdenum in 1934 


Climax Molybdenum Co. presents 
their annual book giving new de 
elopments in molybdenum, partic 
larlv as an alloy with iron and 
steel The engineering data pre 
ented are made clear by many 
tubles and = illustrations. Bulletin 
Dc-4 


Atmosphere Furnaces 


An interesting folder of Surface 
(Combustion Corp. gives perform 
ce data on their atmosphere fur 
ices in actual production bright 

ealing of ferrous and non-fer 
is metals and carburizing, nitrid 
forging and hardening with 
Bulletin De-o1. 


ut scale. 


Stainless Steel Uses 


The wide range of applications 
Allegheny Metal, best known of 
\lleghenv Steel Co.’s corrosion and 
heat resistant steels, is pictorially 
vered in a new and Interesting 


klet. Bulletin Ob-92 


Manual of Pyrometry 


Brown Instrument Co. offers an 
iborate manual which describes 
he 50 exclusive features of their 
tentiometer pyrometer. The book 
ill greatly interest those who must 
iintall iccuratl temperature 
Bulletin Jr-3. 


Localized Heat Treating 


\ ericial (ras Furnace CLO. offers 
rmatiol ( production ma 
nes for localized hardening 
pering ol innealing of tools 
vs, Springs, screws and ching 
ts of all kinds using gas is 


el. Bulleti Ag-11. 


Bright Annealing 


Electric Furnace Co. tells about 
ell controlled itmosphere ful 
ices for continuous deoxidize al 


iling, bright normalizing and al 
ealing ferrous md = = non-ferrous 
etals Work comes clean. bright 
d dry fro these furnaces Bul 
etl No-30. 


Liquid Carburizing 


kK. F. Houghton’s Perliton liquid 
rburizer is the subject of a 23 
ge ty klet. Depth of case, speec 
penetration, and other results 
e well illustrated with graphs and 
tomicrog! iphs. Nv-38 


Shielded Arc Welding 


Lincoln Electric Co. offers a very 

e descriptive booklet describing 

( process ol welding with al 

ielded are. Fext and illustrations 
designed to acquaint engineers 

th the possibilities ol the proc 
Bulletin Ob-10 


Sheet Iron Primer 


The fifth edition of Republic's 
dsome 64-page booklet which 
Ss the story of modern sheet iron 


simple, non-technical language 
Ww available Gage tables and 
interesting glossary of metal 

gical terms are included. Bul 
De-8. 
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Nickel Cast Iron'’s Uses 


rhe role of nickel and nickel 
chromium cast iron parts in such 
applications as fabricating sheet 
netal, pressing and forging is it 
terestingly explained in a new pa 
phlet of International Nickel C: 
Bulletin Ag-45. 


Tempering Furnace 


Fechnical details and operat 
data on Lindberg Steel Treating 
Co.'s new Cyclone electric temper! 
ing furnace, which has shown a re 
narkable pertor! unee record il 
steel treating operations, are give 
in Bulletin Fx-6 


Hardness Testing 


Men interested in hardness test 
ing may find it worth while to read 
the recent catalog of Wilson Me 
chanical Instrument Co. which de 
scribes the latest design of Rock 
well hardness testers and auxiliary 
vork supports. Bulletin Sp-22 


Carbonol Proc ess 


rhe Carbonol process of carbu 
rizing is described in detail in 
folder f Hevi Duty Electric ¢ 
Results are said to be quicket 
cleaner and better cases at very | 


cost. Bulletin Jy-44. 


Testing with Monotron 


Shore Instrument & Mfg. Co. of 
iers a new bulletin § o1 VMonotre 
hardness testing ichines which 
function quickly and accurately un 
der all conditions of practic Bul 
letin Je-33 


X-Rays in Industry 


General Electric X-Ray Co. ha 
iilable a profusely illustrated bi 
chure which gives the complet 


story of the industrial applications 
ol X Ravs, the noder! inspects 
tool. Bulletin Ma-6, 


Heat Treating Manual 


Cold Drawn Sha pes 


Many applications of cold draw 
squares and flats are enumerated 


by Union Draw Steel Co. in this 
folder Sizes, grades of finish ma 
compositions availabl ire listed 
N v-83. 
Big-End-Up 
Gathmann Engineering Co. briefly 
explains the advantages of steel cast 
big-end-up ingots, showing the 
reed in pripre CACESSIVE Seu 
egation and axial porosity \ S2 
got-to-bloo vield of sound ste 
‘ sual Bulleti be 13 


Reports on Firebrick 


Babcock ma Wilcox { pany 
ller a very complete set of Service 
Reports o Insulating Firebric} 
hese reports contain valuable dat 
rdaptability of refractories a 


Bulletin Ob 


Welding Rods 


Linde Air Products Co. has pub 


iVvVinhws possible 


lished an attractive book hich de 
scribes i cleat non-technis 
language the properties, characte 
istics ind uses of every type ! 
Oxweld welding rod A fund 
reliable LChneT il intor itor 
velding rods is an important fe 


ire of the book Bulleti Ir-f 


Metallograph 


A new 36 page booklet of I leit 
Inc., contains all infor ition on the 
Leitz large Micro-Metallograph 


MM 1 Excellent photomicrograph 


ire reproduced = t show it ca 
pacity Special attenti ! ive 
! the darktield illu ! iti If 


ture Bulletin Se-473 


Llectric Furnaces 


Phe electric furnaces rile DY 
loskins Mfg. ¢ ire vell presented 
their latest « italog { tents if 
lude data o 17 types of fur ces 

ad Sé ‘ valuable mtorr it} 
(ni el resistance ires and ther 
oct ples Bulleti Sp-24 


Properties of Stainless 








\ folder of Chicago Flexibl 

Shaft Co. contains conveniently ar ( rpentet Steet ¢ offers 
ranged infor ition on heat treat ifacturers | { ae l\ 
ing equipment for schools, labora hand pocket SZ licks cl 
tories and shops, and also illustrates vhich gives at a glance a summary 
the several types of Stewart indus technical data il Carpente 
trial furnaces. Bulletin Ar-49 stainless steels Bulletin Se-12 
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LIGHTNESS 


Die-castings of Aleoa Aluminum save needless weight. They are 





easier to handle in assembling. and they save shipping weight. If vou * 
. . . - ' 
make a finished product that has to be moved, regularly or infre- & 


quently, by hand or by power. vou can add to its usefulness and to 


its efficiency by savine weight with Aluminum. 





STRENGTH 4 


There are several Aleoa Aluminum die-casting allovs. each with its 











special combination of strength and toughness, and of casting quali- 
ties, to meet your special requirements. Thin sections called for in 
modern design practice are a commonplace. And as a plus to strength, 
you get a high degree of resistance to all forms of atmospheric cor- 


rosion. 


PERMANENCE OF DIMENSIONS 


\luminum die-castings insure permanency of dimension and shape. 
They will not grow or warp in service. Accurate dimensions and fine 
detail minimize machining and assembly costs. 

\ member of our technical staff is ready at any time to advise on 
the proper alloy for your product, and to help you make the most of 
the superior characteristics of Aluminum Die Castings. Let us help 
vou; and let us quote on your next specification, too. Our modern 
foundry assures a dependable supply and strict technical supervision. 
Address Aluminum Company of America. 1801 Gulf Building. 


Pittsburgh. Pa. 
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